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FINDING THE MEANINGS 
OF THINGS 


ip you look at the frontispiece of this book? The 
frontispiece is opposite the title page. On it you will 
find a collection of stories about science that were printed 
in newspapers and magazines. If you did not look at this 
page very carefully, turn to it now and examine it. Are 
there any words whose meanings you do not know? Do 
you know what vaccine, bacteria, satellite, infra-red, and 
glacier mean? Are there any ideas that you do not under- 
stand? For example, do you know what the chemistry of 
a cell is? Do you know how a scientist might discover new 
heavenly bodies, such as satellites? Do you know what 
the newspaper writer meant when he said, “Nature has 
toppled off her balance again’? 

Every day in the newspapers and magazines of our 
country there are many stories about science. These stories 
tell of the discoveries that scientists are making about 
the world in which we live. Some of these discoveries are 
so important that they are changing your life and the lives 
of millions of other people. Yet you cannot read these 
stories and understand them unless you know the mean- 
ings of science words and have accurate science ideas. 

But understanding science in newspaper and magazine 
stories is not the only reason for learning science. The 
winds blow, rain or snow falls, you become ill with some 
kind of sickness, you pour hot water over a glass and the 
elass breaks, you try to learn to float im water, and in 
countless other ways you meet science every day of your 
life. What do these happenings mean to you? Do you 
understand what makes them happen? 

Almost ever since you were born, you have been trying 
to find out what things mean. You probably pestered your 
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parents by asking “Why?” “What is it?” “What makes it 
go?” “Where did it come from?” etc. You were trying to 
find the meanings of things. The science that you will 
study in this book will make the world mean much more 
to you. You will study about the sun and the stars, earth- 
quakes and glaciers, submarine boats and disease germs, 
muscles, bones, and intestines, cattle-raising, corn-grow- 
ing, and irrigation. If you use this book right, hundreds of 
things that have never meant anything to you will a 
mean something to you. 

There is a second thing that the study of this science 
material Lean do for you. People often say that the 
study of science should teach boys and girls to think. But 
that is not quite correct. You have been thinking for a 
number of years. You will probably go on thinking. But it 
is not so certain that you have been thinking correctly 
and that you will think correctly in the future. 

This book can do much to show you how to think. As 
you read how scientists have solved important problems, 
you will be able to see how to use your own mind. As you 
work out the experiments, exercises, and problems in the 
book, you will have many opportunities to do the same 
kind of clean-cut, careful thinking that a scientist does 
when he makes discoveries about the world. 

Now this book is only a tool to help you do a job. The 
job is to understand the world in which you live and to 
learn how to think correctly. You know that you cannot 
do good work with a tool unless you know how to use it. 
Therefore you should, first of all, get acquainted with the 
way this book is made. Probably you used Science Prob- 
lems, Book One last year or last semester. Science Problems, 
Book Two is made like Science Problems, Book One. The 
book is divided into units. Look at the titles of the units in 
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the table of contents, so that you will get a big picture of 
what you are going to study. 

Each unit starts off with some Introductory Exercises. 
These exercises will help you to find out what you know 
and what you do not know. Turn to page 70 and notice 
that two of the exercises are marked by asterisks, thus, *1. 
Exercises marked this way are very important. They ask 
you questions about things you learned in Science Prob- 
lems, Book One. You will need to know these things in 
order to understand the material in Book Two. If you 
cannot answer these marked questions, be sure to find the 
answers before you begin your study of the unit. 

Following the Introductory Exercises comes a part called 
Looking Ahead. These pages will give you a general idea 
of what the unit is about, and they will tell you the big 
problems that you are to solve in your study of the unit. 
Then you come to the problems, which are divided into 
sub-problems. Each problem and sub-problem asks an 
important question about the world in which you live. 

Scattered at various places in the unit are Self-Testing 
Exercises. Their name tells you what they are for. They 
help you to check yourself to see whether you are really 
understanding the material you are studying. The exer- 
cises will be much better tests if you will try to do them 
without looking back in the book. After writing the 
answers as well as you can, it is a good plan to look back 
to be sure you are right, or to find the ideas you did not 
remember. When you have done all the Se/f-Testing Exer- 
cises that follow a problem or a sub-problem, write the 
answer to the problem itself. Every student should do at 
least this much before going on to the next problem. 

In every unit there are also Problems to Solve. These 
problems are harder tests of your learning. Usually the 
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answers cannot be found in the book. You must think 
them out by using what you have learned. Or you must 
do some scientific research; that is, you must experiment, 
make observations, talk to people who have information 
that you need, or read books. 

At the end of each unit is an exercise called Looking 
Back. This is a summary exercise to help you gather to- 
gether the big ideas of the unit and to show you whether 
you know the meanings of the new science words. 

If vou finish the unit ahead of your class, or if you have 
extra time outside of class, vou will be allowed to do extra 
projects. You may then do some of the Additional Exer- 
cises at the end of the unit. | 

The stories of the lives of scientists and of the things 
they have discover ed are as interesting as any stories ever 
written. In the back of the book on pages 547-554 you 
will find a list of books about science and scientists. They 
will tell you many things that are not told in this text- 
book, and vou will be able to understand them because 
you have studied this textbook. 

Talk with your teacher about your plans for indepen- 
dent work. He will often be able to suggest things to find 
out or to do about science in your own community. You 
can often help him, too, by finding things out for yourself 
and then telling the class what you have learned. 

The real success of your work in science will be shown 
by: (1) how much you learn about science; (2) how well 
you can use what you learn; (3) how well you learn to 
work without being told just what to do. 

Wilbur L. Beauchamp 
John C. Mayfield 


Joe Young West 
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Fic. 1. People have always been interested in the earth, the sun, the 
moon, and the stars. For thousands of years they did not understand 
what these heavenly bodies were, but they collected a great deal of 
information about them. When the telescope was invented, men 
began to learn the explanations of the things they had seen in the 
heavens. In this unit you will learn some of the important things 
that scientists have discovered about the earth and the other 


heavenly bodies. 


UNIT ONE 


UNIT 1 


WHAT IS THE RELATION OF THE EARTH 
TO OTHER HEAVENLY BODIES? 


INTRODUCTORY EXERCISES 


Before you write the answers to the Introductory Exer- 
cises, read again the directions for doing them on page v0. 

1. Here is a list of different heavenly bodies and of 
some things that happen in the heavens. Copy the ones 
that you have actually seen in a column headed Observed. 
Copy those that you have heard about but have not seen 
‘1 a column headed Have Heard About. Copy the others 
in a column headed Do Not Know About. 


Ser Planet North Star Eclipse of sun 
Meteor Planetoid Falling star Eclipse of moon 
Venus Satellite Big Dipper Phases of moon 
Sun Nebula Constellation Change in length 
Comet Jupiter Rising sun of day and 
Moon Meteorite Setting sun night 


9. Write a sentence that tells something important 
about each item in the column in Exercise 1 headed 
Observed. 

8 Write a sentence that tells what you have heard 
about each item in the column headed Have Heard About. 

4. The earth has two kinds of movements. Can you 
name them? If you can, how could you tell by your own 
observations that these two movements were taking place? 

5. How ean you tell by your own observations that the 
earth is round? 

6. Is the earth turning from east to west or from west 
to east? Give a reason for your answer. 

7. St. Louis, Missouri, is west of Washington, D. Cr. 
If you traveled from St. Louis to Washington, would 
your watch be an hour fast or an hour slow when you 
reached Washington? Why? 











Fic. 2. If you ever visit a planetarium, you will take part in a scene 
such as this. The inset in the corner shows you the projection ma- 
chine, which looks like a large dumbbell. From the center of the 
room it throws images of the stars upon the dome above. The planets, 
moons, and sun are projected, too. All these heavenly bodies are 
made to travel across the “sky” in the correct way but much faster 
than they really move in the heavens. 


LOOKING AHEAD TO UNIT 1 


LMOST everyone spends many hours of his life wonder- 
A ing about the world we live in. Even savage people 
who can neither read nor write are puzzled by the sun, the 
moon, the stars, and the coming of day and night and of 
the seasons. We know this because they tell stories to ex- 
plain why the moon changes its shape, why the stars 
“come out” at night, why the sun “goes down,” and other 
things that they see happening from day to day and 
from month to month. 

Men and women and boys and girls have always 
wondered about the earth and the heavens. Books and 
other records made by people thousands of years ago 
tell us that these ancient ancestors of ours were asking 
themselves the same questions about the world that we 
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Fic. 3. This old engraving, made in 1560, shows an early astronomer 
in his study. He seems to be studying and checking the ideas of other 
scientists. Perhaps he is going to make a chart showing the probable 
locations of the stars and other heavenly bodies that he has observed. 


ask today. The human mind is always the same wherever 
you find it. It is a questioning mind. It wants to know 
why. It is not satisfied with just knowing that things do 
happen. It wants to know what causes things to happen 
in the way they do. ‘ ab el 

Of course, a few thousand years ago men had few 
ways of satisfying their curiosity about what they saw. 
They had no telescopes, microscopes, and other scientific 
‘nstruments to help them discover the facts that they 
needed to answer their questions. What is more, in those 
days no one knew enough to take the facts they did have 
and explain them correctly. 5o men made up explanations, 
and people believed them. These explanations were noth- 
ing more than guesses, or they were just “imaginings, ” 
like fairy stories. 

As time went on, men gathered a great deal of informa- 
tion about the stars and the other heavenly bodies. 
Clever men, called astrologers, were able to take this 
information and foretell when an eclipse was coming, 
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where the stars would be at different times of the year, 
and many other events concerning the heavenly bodies. 
People believed that if astrologers could foretell happen- 
ings in the heavens from the study of stars, they could 
also foretell events in people’s lives. Until a few hundred 
years ago every king had his astrologer, whose advice was 
asked on all matters of importance. 

Of course, most of us know now that the position of 
the stars or the planets has no influence on our lives. 
But even today you will find people who believe in 
astrology; that is, they believe that their future can be 
foretold by the positions of the stars on the day they were 
born. This is an example of how old ideas, even though 
they are proved to be false, are believed and passed on 
from generation to generation. 

For thousands of years people had wrong _ beliefs 
about the sun, the earth, and the stars. But there were 
always a few honest, careful thinkers who tried to find 
the true answers to the questions that came up in their 
minds. Because of these men, a new science gradually 
developed, the science of astronomy. When the telescope 
was invented in 1608, the astronomer had an instrument 
that helped him to prove or disprove many of the ideas 
that were commonly believed. With this instrument he 
also learned many new facts. The science of mathematics 
had been developed, and astronomers could “‘figure things 
out” in ways that they had never before been able to use. 
Today, by means of photography the astronomer can 
take pictures of the stars and of other heavenly bodies 
and study them. He can even get pictures of stars that 
he cannot see! 

In this unit you will find out some of the things that 
scientists have discovered about the earth and the other 
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heavenly bodies. You may wonder why the simple ex- 
planations that you will read in this book did not occur to 
the wise men of long ago. But you must remember that 
scientific knowledge grows slowly. The knowledge that we 
have today is the result of hundreds of years of experiment- 
ing and thinking by the wisest men of each generation. 


Problem 1: 
WHAT IS THE EARTH? 


HAT IS THE EARTH MADE OF? When anyone uses the 

word “earth” or “world” in speaking to you, what 
do you think of? Usually a person thinks of the entire 
earth as being much like the place in which he lives. If 
he lives in the mountains, he thinks of mountains. If he 
lives on the level plains or on the seashore, other pictures 
of the earth flash into his mind. Of course, such a person 
is not thinking of the whole earth. He is thinking of only 
a very small part of it. 

But even if you traveled all over the world, you would 
not see much of the earth. You would see only the outside 
part. Beneath your feet would be 8000 miles of soil, 
rock, and other materials. No one has ever seen all of 
that, and no one ever will see all of it. Men have never 
seen more than the tiniest part of the millions of square 
miles of ocean bottom. Really, then, men have never 
seen very much of the earth. But science has made it 
possible for them to find out many things about the parts 
they have never seen and probably never will see. 

The part of the earth that is most familiar to us is the 
land, or solid part, because that is the part upon which 
we live. We know that there are a great many different 
kinds of land forms, such as mountains, hills, plains, 
valleys, and plateaus. We are not so familiar, however, 





Fic. 4. On the globe are some interesting facts that you should 
know about the whole earth. 


with what is deep in the earth. Of course we know that 
minerals, coal, and oil are found in the earth. But the 
deepest oil wells go down only about three miles into 
the 8000 miles of earth that lie beneath our feet. What 
about the center of the earth? Is it solid or liquid? What 
kinds of materials are found there? 

For a long time scientists believed that the center of 
the earth was in a liquid state. They knew that the farther 
down one goes into the earth, the hotter it gets. They 
also saw melted rock pour out of volcanoes. These facts 
led them to believe that the center of the earth was 
liquid. In recent years, however, experiments have been 
performed that seem to show that the interior of the earth 
is solid. | 

The core of the earth seems to be made of very heavy 
material. It is probably a mixture of nickel and iron. 
Around this core there are other layers containing mate- 


is 
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Fic. 5. This slice through the earth shows how it is divided up into 
air, water, rock, and solid materials. The drawing exaggerates the 
depth of the air and the thickness and unevenness of the rock layer. 


rials such as iron, silicon, and magnesium. These layers 
are covered by rock material. In some places, such as 
mountains, this rock can be seen. At other places the rock 
is covered with a thin layer of soil upon which plants 
and animals live. 

As you know, much of the solid part of the earth is 
covered with water. This water covering is also part of 
the earth. If you look carefully at a globe map, you may 
be surprised to see how much of the earth's surface 1s 
water. Actually, only about one-fourth of the earth's sur- 
face is land. The remaining three-fourths are covered 
with water varying in depth from a few inches to more 
than six miles. 

But the earth is more than land and water. Surrounding 
the earth is a layer of air that is just as much a part of 
the earth as the land and the water. Scientists do not 
know how thick-this layer of air is. Some of them think 
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it goes out about seventy-five miles; others have esti- 
mated that it is 300 miles thick. Wherever the earth goes, 
this covering of air goes, too. So you can see that the air 
really belongs to the earth. Out beyond the air is empty 
space. 

If you want to be really scientific, you can learn the 
names given by the scientist to the different parts of the 
earth. The solid part is called the lithosphere, which means 
“rock sphere’; the liquid part, the hydrosphere or ““water 
sphere’; and the gaseous part, as you know, the atmos- 
phere or “‘vapor sphere.” 

HY DO WE BELIEVE THAT THE EARTH IS A SPHERE? 

Since you first began to study geography, you 
have known that the earth is shaped like a ball. To be 
scientific, we say that the earth is a sphere. You probably 
have never thought of doubting this statement. But you 
know that up to the time of Columbus and, indeed, for 
many years after, most people thought that the earth 
was flat. They thought that if you walked in one direc- 
tion far enough, you would come to a place where you 
would fall off the earth. This may seem a foolish idea to 
you. But suppose that someone did not believe you when 
you told him that the earth is a sphere. Suppose he asked, 
‘“How do you know?” How could you prove that you 
are right? 

If you tried to convince your friend that your statement 
was true, it would be necessary for you to give some evi- 
dence for your belief. That is, you would have to tell 
him some facts and explain why these facts gave you a 
reason for your belief. Of course, the easiest way to con- 
vince a person is to show him so that he can see for him- 
self. But you cannot take a person far enough out into 
space so that he can see the shape of the earth. He cannot 
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Fic. 6. The picture on the left shows how three ships approaching 
harbor from different distances look on the earth as a sphere. The 
picture on the right shows how the ships would look if the earth 
were flat. 


see that the surface is curved, because the earth is so 
large that the surface curves cannot be seen. So you must 
think of other ways to convince him. 

If you lived near a large body of water, such as the 
ocean or one of the Great Lakes, you could have your 
friend watch a ship disappear over the horizon. If you 
have not already done this yourself, you should do it when 
you have an opportunity. In making this observation, try 
to answer this question: “Does the whole ship get smaller 
and smaller and finally disappear, or does the lower part 
of the ship disappear first, then the middle part, and finally 
the upper part?” 

Now let us see how watching a ship helps us to prove 
that the earth is a sphere. If the surface of the earth were 
flat, the ship would remain in sight, gradually growing 
smaller and smaller. At last it could not be seen because 
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of the great distance. But this does not happen; so we 
may be certain that the earth is not flat. The only kind 
of surface on which the lower parts of a ship will disappear 
first is a curved surface. You can see how this happens if 
you hold a tennis ball in front of your eyes at arm’s 
length and then move a match stick across 
the top and down on the other side of the 
ball (Figure 7). Of course, no single observa- 
tion would prove that the earth’s surface 
is curved everywhere,,as it must be if it is a 
sphere. But observations at any point on 
the earth’s surface, and at all directions 
from this point, do show that ships always 
disappear in this way. Therefore, we must 
conclude that the earth is a sphere. 

There are still other kinds of evidence to 
show that the earth is.a sphere. Ferdinand 
Magellan, a Portuguese explorer, proved it 
when his ship completed the first voyage 
around the earth in 1522. Sailing westward 
from Portugal, the ship at last came back to Portugal 
from the east. Now, practically everyone knows that if a 
ship or an airplane travels long enough in one direction, 
it will return to the place from which it started. Such a 
happening could take place only on the surface of a sphere. 

Still another reason for believing that the earth is a 
sphere is found in the way the earth is lighted. You know 
that the earth does not give out light of its own, as the 
sun does. If it did give out light of its own, we would have 
no night. The earth is lighted by the sun. 

Now let us see how the light from the sun would fall on 
the earth if the earth were flat or box-shaped instead of 
being a sphere. 
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Expermment 1. How Is the Earth Lighted by the Sun? (a) 
Push a steel knitting needle or a straight piece of wire about 
six inches long through a small rubber ball. Hold the knitting 
needle in an upright position about three feet from a strong 
light. How much of the ball is lighted? Rotate the ball slowly. 
Is the same amount of the surface of the ball lighted all the 
time while the ball is being turned? 

b) Push the knitting needle 
through the centers of opposite 
sides of a small cubical card- 
board box. Hold the needle in 
the same position as before 
and the same distance from 
the light. Rotate the box 
slowly. When one side of the 
box faces the light, how much 
of the box is lighted? 

When the box is rotated, 
does the part that is turned 
toward the light become 
lighted gradually, as the ball 
does in part a, or does one 
Fic. 8. Experiment 1 whole side of the box suddenly 

become lighted? 

From what you have seen of dawn and dusk, does the earth 
become lighted as in part a or as in part b of the experiment? 





If a box or other object with flat surfaces 1s used, the 
side becomes suddenly lighted when it is turned toward 
the light. Just as suddenly all of the side becomes dark 
when it is turned away from the light. When a sphere is 
used, the lighted portion shades off gradually into the dark. 
You have seen the same thing happen on the earth in the 
late afternoon and in the early morning. It gets gradually 
lighter in the morning and gradually darker at night. 


UNIT 1. EARTH AND OTHER HEAVENLY BODIES 13 


If the earth were flat or box-shaped, daylight would 
come suddenly, as when a whole room is quickly lighted 
by turning on an electric light. Darkness would come 
just as suddenly. So here is another reason for believ- 
ing that the earth is a sphere. 

What you have just read gives you only a few of the 
reasons for believing that the earth is a sphere. Scientists 
have much more evidence to prove the shape of the earth. 
Perhaps the best evidence is what we see when there is 
an eclipse of the moon. When this hap- 
pens, the shadow of the earth is seen on 
the moon. The edge of the shadow is 
curved. Such a curved shadow could be 
made only by a circular or spherical body. 
Later in this unit you will learn why we 
can sometimes see the shadow of the 
earth on the moon. 

How scientists have learned that the 
earth is a sphere is a good example of EC ea ee tah oe 

shadow of the 
one of the ways in which scientists work. earth onthe moon 
No person had ever been far enough out 
in space to tell about the shape of the earth. But scien- 
tists and other people had seen certain things happen, 
such as the disappearance of a ship at sea, the way in 
which the earth is lighted, and the shadow of the earth on 
the moon. These were facts that everyone knew about. 
Scientists tried to think out a way to explain these facts. 
The only way in which scientists could account for 
them was by believing that the earth is a sphere. This 
explained all of the facts that scientists could gather; so 
they accepted it as a true explanation. 

Recently, however, scientists have had further proof 
that they were correct in their belief about the shape of 
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the earth. In November, 1935, Captain Albert W. Stevens 
and Orville A. Anderson went up in a balloon that reached 
the height of 72,395 feet, or 13.71 miles, above sea-level. 
At this elevation they took a picture of the earth. The 
photograph actually showed a slight curving of the earth 
at the sky-line. There can no longer be doubt as to whether 
the earth is a sphere. Actual photographs show that it 
is a sphere. 


Self-Testing Exercise 


1. Give the best word picture of the earth you can on 
one-half page of notebook paper. 
9. State four reasons for believing that the earth is a sphere. 


Problems to Solve 


1. Figure 10 shows that the sun’s rays shine almost straight 
down at the equator when they are quite slanting near the 
poles of the earth. Make a drawing to show how the rays 
would strike the earth if the earth were flat. 

9 Find out about the different trips that have been made 
to go around the earth in the shortest possible time. What is the 
record now? Since the earth is 
a sphere, how should one go 
around it really to establish a 
round-the-world record? 

3. If the earth were a flat 
surface instead of a sphere, 
what would happen if you 
traveled far enough in any one 
direction? 

4. See if you can find out 
about ocean depths. Where 
are the deepest spots in the 
. oceans? Find out also the high- 
Fic. 10. Diagram for Problem 1 est spot on the earth’s surface. 








Fic. 11. Great flaming masses of gases are frequently shot off into 
space thousands of miles from the surface of the sun. It is fortunate 
that we are far from the sun. If we were very close, one such storm 
would destroy the earth. 


Problem 2: 
WHAT IS THE SOLAR SYSTEM? 


s you look into space on a clear day, there is one 
mN object that you always see. This object is more than 
93,000,000 miles away, but you could not live without it. 
Fortunately, we could not get away from this object if we 
tried. It holds the earth as a prisoner. Year in and year 
out, the earth is traveling at a speed of over 1000 miles 
a minute around and around this object. As you have 
guessed, this object is the sun. It is the center around 
which the earth and certain other heavenly bodies keep 
up a never-ending journey. The sun and the other 
heavenly bodies that revolve ceaselessly around it are 
called the solar system. 

HAT IS THE SUN? Have you ever wondered what the 

\¢ sun is really like? You know that the sun is very 
hot, because it gives the earth a great amount of heat and 
light even though it is millions of miles away. To give 
us this enormous amount of heat and light at so great a 
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distance, the sun must be very much hotter than any- 
thing we can imagine; and so it 1s. Scientists have mea- 
sured the temperature of the outside of the sun. It is 
about 10,000° F. They believe that the temperature in 
the center of the sun is many million degrees. At this 
temperature solids and liquids 
could not exist. So the sun 
must be a huge mass of ex- 
tremely hot gases. 

You would never guess how 
huge this ball is, but scientists 
can tell you because they have 
actually been able to measure 
it. They say that it would 
take more than 100 bodies the 
size of the earth placed side 
by side to equal the diameter 
of the sun. If the sun were 
hollow, there would be room 
enough inside it for more than 
1,000,000 earths. It looks 
small to us because it is so 





Fic. 12. Astronomers say that 
sun-spots of average size, such 
as shown in this picture, would far away. 

hold forty planets the size of Photographs of the=ssun. 


thejearth: taken through powerful tele- 


scopes, have shown scientists many interesting things 
about what is happening on it. For one thing, there are 
at times great swirling masses of gases on the surface of 
the sun. Scientists speak of these as “storms” on the sun 
and call them sun-spots (Figure 12). These storms are 
called “‘spots’” because in the photographs they show 
as dark spots. Many scientists think that sun-spots 
cause unusual weather conditions on the earth. 
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You have often seen the stars in the heavens at night. 
Astronomers find out about the stars by studying the 
light that comes from them. They find that it is the same 
kind of light as the light from the sun. From this they 
know that the sun itself is a star. The sun looks larger 
and brighter than the other stars because we are close 
to it. The sun is our nearest star. 

HAT ARE THE PLANETS? Long before telescopes were 

WV invented, people noticed heavenly bodies that looked 

like stars, but that were different from stars in the way 

they moved across the sky. They gave the name planets, 
or wanderers, to these bodies. 

Since scientists began to study the heavens with their 
telescopes, they have learned many things about the 
planets. They have discovered three planets that are too 
dim to be seen without a telescope. They have found that 
the planets seem to move among the stars because the 
planets are traveling in paths around the sun. They have 
learned that the earth itself is a planet. We now know that 
there are at least nine planets. Pluto, the last one to be 
discovered, was not found until 1930. And there may be 
others still farther from the sun. 

So far as astronomers have been able to tell, the planets 
are all made of material somewhat like the earth. Some of 
them have an atmosphere with clouds, as the earth has. 
Since the planets are much like the earth, they cannot 
give out light as the stars do. We can see them “‘shining”’ 
in the night skies because the sun shines on them and 
they reflect the hght back to us. 

Figure 13 shows a diagram of the nine planets and the 
paths, or orbits, in which they revolve about the sun. 
As you can see, two of these planets, Mercury and Venus, 
are much nearer the sun than the earth is; therefore, they 





Fic. 13. The earth and the eight other planets revolve about the sun 
in the same direction. In this drawing it was not possible to show 
the distances between the paths of the planets in their correct rela- 
tions to each other. The chart on page 20 shows how far the various 
planets are from the sun. Pluto, the farthest from the sun, was dis- 
covered on January 21, 1930. 


must be much hotter than the earth. Because these two 
planets are nearer to the sun, they do not have such 
ereat distances to travel to make a complete journey 
around the sun. Also, they travel faster than the planets 
farther away from the sun. So they complete their revolu- 
tions more quickly than the earth does. The earth is the 
third planet from the sun. We know that it travels 
around the sun once in approximately 365% days and that 
‘t turns on its own axis once every twenty-four hours. 
Planets farther out from the sun are Mars, Jupiter, 
Saturn, Uranus, Neptune, and Pluto. They all have 
ereater distances to travel in going around the sun than 
the earth does, and they travel slower than the planets 
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Fic. 14. Seen through a telescope, Mars, at the left, has these dis- 
tinctive characteristics: reddish color, large dark markings, and white 
polar caps. These caps seem to appear and disappear at different 
seasons. Saturn, shown in the picture at the right, is interesting to 
us because of its rings. These rings seem to be very thin and made 
up of dust-like particles. 


nearer the sun; so they require longer periods in which to 
complete their revolutions. Because of their greater dis- 
tances from the sun, they do not receive so much light or 
heat as the earth; therefore, scientists believe that they 
are colder than the earth. 

By studying Table 1, page 20, you can learn the 
most important facts about the planets. As you can see, 
Mercury is the nearest of all planets to the sun. Its dis- 
tance is about 36 million miles, while the distance of the 
earth is about 93,000,000 miles. Mercury is a small 
planet—only about half as large in diameter as the earth. 
It requires only eighty-eight days to go around the sun. 
In other words, Mercury goes around the sun about four 
times while the earth is going around once. 

Mercury turns very slowly on its axis. The earth spins 
around once every twenty-four hours, but Mercury turns 
only once in approximately eighty-eight days. You can see 
that it turns upon its axis only once while it makes a 
complete revolution about the sun. Because of this, the 
same side of Mercury is always turned toward the sun. 
As a result, the side toward the sun must be extremely 
hot, and the side away from the sun must be extremely 


cold. 
19 
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UNIT 1. 


HAT ARE PLANETOIDS? In addi- 
‘4 tion to the sun and the planets, 
the solar system contains planetoids, 
comets, and meteors. In Figure 13, 
page 18, you will notice that there 
is a vast distance between the orbits 
of Mars and Jupiter. It seems as if 
there should be another planet be- 
tween these two planets. Many 
astronomers believe that a planet 
once occupied such a position, but 
that it met with some kind of acci- 
dent that broke it to pieces. 

In the space between Mars and 
Jupiter scientists have found about 
1100 small bodies that are like tiny 
planets. These bodies vary in diam- 
eter from 20 to 300 miles. They are 
called planetoids, which means little 
planets. They travel around the sun 
in their own orbits. Scientists think 
that these planetoids may be pieces 
of a big planet that once upon a time 
traveled around the sun between 
Mars and Jupiter. 

HAT ARE COMETS AND METEORS? 
Another strange kind of heav- 
enly body that sometimes appears in 
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Fig. 15. A comet is a 


glowing mass of gases 
with an enormous head 
and a tail that may be 
millions of miles long. 
A comet can be seen 
only when it is near the 
earth. The stars in the 
picture show as streaks 
because the camera 
had to be kept moving 
with the comet in 
order to get a picture. 


the solar system is known as a comet. Scientists believe 
that comets are masses of gaseous material. Some of them 
have long gaseous tails that are always on the side away 
from the sun. Comets travel in very loop-shaped, or 
elliptical, orbits around the sun (Figure 16). Some of 
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/ / 
Frc. 16. The strangest thing about a comet is that, during its entire 
trip about the sun, its long tail streams away from the sun. When it 
approaches the sun, the tail is behind it. When it swings away from 
the sun, the tail is out in front. 


them are known to return at intervals of from three to 
seventy-five years. 

Meteors are heavenly bodies that we see more often. 
We usually call them “falling stars,” but this name 1s 
‘neorrect. Stars do not fall. Meteors are really small 
bodies of material that fall from space into the earth’s 
atmosphere. No one knows where they come from. Some- 
times they are only as large as a pea; sometimes they’ 
weigh several tons. Only when these bodies fall into the 
earth’s atmosphere do we see them. The air rubbing 
against them as they fall causes them to become very hot 
and give off light. Sometimes meteors fall to the earth. 
Then we call them meteorites. Some meteorites are found 
to be stones, and some are masses of metal, mostly nickel 
and iron. Usually the meteorites burn up, and only the 
dust that is left falls to the earth. 

Moons, or satellites, are also found in the solar system. 
Moons are bodies that revolve around planets much as 
planets revolve around the sun. From the table on page 20 
you can see that some planets have many moons. As you 
know, the earth has only one. 
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Self-Testing Exercises 


1. Tell briefly what you think of when someone mentions 


the solar system. 


2. How did scientists learn that the sun is itself a star? 


3. Do scientists think that the inside 
of the sun is solid, liquid, or gaseous? 
Give one reason for their belief. 

4. What is a planet? 

5. Name the planets that have or- 
bits inside the orbit of the earth. Name 
those that move outside the earth’s 
orbit. 

6. Which planet was discovered most 
recently? 

7. Do planets give light themselves? 
Explain. 

8. Name three ways in which Mer- 
cury is different from the earth. 

9. Which planet would you expect 
to be warmest? Which one coldest? 
Why? 

10. How are planetoids iierent from 
planets? 

11. What is a comet? 

12. What is a meteor? Why do me- 
teors give out light? 


Problems to Solve 


1. Which planet has the longest 
year? Which the longest known day? 








Fia. 17. This meteorite 
is the largest ever seen 
to fall. It is two and 
one-half feet long and 
weighs 820 lbs. The 
largest known meteor- 
ite in America weighs 
thirty-six and one-half 
tons. 


2. Which planets were discovered with the help of the 
telescope? You can solve this problem from the reading 


and Table 1. 


3. From Table 1 and from what you know about the 
planets make a list of the ways in which they are alike. Make 
also a list of the ways in which they are different from each 
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other. (One way in which they are different is in “Size.” Do 
not say, “Mercury is smaller than the earth.”) 

4. Some of our airplanes now fly long distances at the 
rate of 200 miles per hour. If you could fly from the earth to 
the sun in such a plane, how many years would it take you 
if you flew 24 hours per day? 

5. Draw circles to represent the sizes of the nine planets. 
Make the circle for Mercury one-fourth inch in diameter and 
calculate from Table 1 how large each of the other circles 
should be. 

6. Light travels about 186,000 miles per second. How 
many minutes does the light of the sun take to reach the 
earth? 

7. How are planets different from stars? List as many 
differences as you can. 

8. Find in reference books as many interesting facts about 
Venus as you can. Do the same for Mars, Jupiter, and 
Saturn. 


HAT IS THE EARTH’S MOON LIKE? The heavenly body 
\¢ we notice most often is the sun. Unless the sky 
is very cloudy, we see the sun every day, and it always 
looks much the same to us. But our nearest neighbor in 
the heavens is the moon. Strangely enough, sometimes 
we do not see it at all. When we do see it, we find that it 
apparently changes its shape from day to day. Sometimes 
it looks like a full circle, at other times like a half circle, 
and at other times like a crescent. Of course we know that 
the moon does not change its shape. Why, then, does it 
seem to do so? 

As you look at the full moon in the sky, 1t seems to be 
about the same size as the sun. Actually, its diameter 1s 
only a little over 2000 miles, only one-fourth the diameter 
of the earth. It would take about 400 moons side by side 
to make a body with the same diameter as the sun. The 
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Fia. 18. This picture shows how the moon changes from a crescent- 
shaped new moon to a round full moon. Each of these different shapes 
is called a phase of the moon. The moon is shown here at the ages of 
3.85 days, 5 days, 934 days, and 16 days. 


moon appears to be as large as the sun because it is so 
much closer to us. It is only about 240,000 miles from the 
earth. This seems like a great distance, but it is really a 
very small distance as compared with the 93,000,000 
miles to the sun. 

Moonlight, as you know, is not nearly so bright as 
sunlight. The moon is not made of hot gases; it gives off 
no light of its own. We see the moon because the light 
from the sun strikes it and this light is reflected to the 
earth. Imagine that you are in a dark room with a large, 
very white ball and a bright flashlight. You then hang the 
ball up by a string and turn the flashlight on the ball. You 
find that the wall behind you is lighted up with light re- 
flected from the ball. The moon reflects the light of the 
sun to us just as the ball reflects the hght from a flashlight. 

When the moon is full, you can see irregular spots 
that appear darker than others. If your imagination 1s 
good, you can see that these spots make the eyes, nose, 
and mouth of the man in the moon. If you imagination 1s 
still better, you may see the lady in the moon. Until tele- 
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Fia. 19. Seen through a telescope, parts of the moon’s surface have a 
pitted appearance. These pits are immense craters. Other parts are 
rough, while others are smooth. Figure 20 gives the name and loca- 
tion of several craters, as well as of some mountains and plains. 


scopes were invented, no one knew why these spots were 
there. Through the telescope, however, we can see that 
these spots are really chains of mountains, great craters, 
and vast flat spaces. 

What you have just read might lead you to believe 
that the moon is somewhat like the earth. It is, however, 
quite different. The mountains are more rugged, and they 
rise almost straight up from the plains. One of the most 
amazing things about the surface of the moon is the tre- 
mendous number of craters. Over 30,000 of these craters 
have been found. They are many times as large as any of 
the voleano craters found on earth. One of the moon’s 
craters is seventy-five miles in diameter, while there are 
hundreds of smaller craters that are from five to twenty 
miles in diameter. 
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Story-tellers often 
write tales of the 
strange creatures on 
the moon. ‘These 
stories, however, are 
not based on any 
facts that we know. 
The moon can have 
no living creatures 
on it, because it has 
no air, water, or soil. 
Our nearest compan- 
ion in space js just a 
huge ball of barren 





rock. Fic. 20. By the numbers on the map you 

HY DOES THE may find the names of the principal sur- 
face features of the moon. The craters 
are: 1. Tycho, 2. Grimaldi, 3. Coper- 
CHANGE ITS SHAPE? nicus, 4. Eratosthenes, 5. Plato. The 
You know that the mountains are: 6. the Alps, 7. the Apen- 


moon, like the earth, mimes. The plains are: 8. Crisium, 
9. Fecunditatis, 10. Nectaris, 11. Tran- 


is a sphere. At any Uilitatestl oe Cecenitereiaee el ri briny 
one time only half 14. Nubium. 


of it can be lighted 

by the sun. You also know that the moon revolves 
around the earth in twenty-seven and one-third days. 
As it travels around the earth, we see different parts of 
its surface lighted by the sun. You can best understand 
why this is true by doing an experiment. 


MOON SEEM TO 


EXPERIMENT 2. Why Does the Moon Appear to Have Different 
Shapes at Different Times? Place a strong light upon a stand 
about four feet high to represent the sun as in Figure 21. You 
are to represent the earth. Hold a tennis ball at arm’s length 
from you to represent the moon. Stand with your face to the 





Fic. 21. The outer circles show the shape of the lighted part of the 
moon as it appears to us on the earth at different times of the month. 
The inner circles show the moon as it is actually lighted. The half 
that is toward the sun is always lighted. The only portion of this lighted 
half that is visible to us on the earth is that inside the black line. 


light and hold the ball between you and the light, as shown in 
position 1, Figure 21. The hall of the ball nearest you should 
be entirely dark. 

Now turn toward your left, away from the light, stopping 
at each of the numbered positions shown on the diagram. 
Hold the ball high enough above your head to receive the 
light in position 5. Can you see each of the shapes shown in 
the outer group of circles as you change positions? Sketch the 
shape of the lighted parts of the ball in each position. How 
do these shapes compare with the shapes of the moon as it 
appears to you at different times? 
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Figure 21 and your experiment will 
help you to see why the moon ap- 
pears to change its shape. When you 
held the tennis ball between yourself 
and the light, the half of the ball 
nearest the light was lighted, but the 
part toward you was dark. In the 
same way, you cannot see the moon 
when it is between the earth and the 
sun. With the ball held at one side, 
you could see half of the lighted sur- 
face. When the earth, sun, and moon 
are in this position, you see the quarter 
moon. 

When you were between the light 
and the ball, you could see all of its 
lighted part. When the earth is be- 
tween the sun and the moon, you see 
the full moon because the light from Fra. 22. An eclipse of 
the sun shines over the earth and on the moon 
to the moon. As you moved the ball 
around, you found that you could see different amounts 
of the lighted parts. This is what happens when the moon 
revolves around the earth. 

Sometimes the sun, moon, and earth get in a direct 
line, as shown in Figure 22. Then the moon gets in the 
earth’s shadow. This causes the moon to appear partly or 
totally darkened. This is called an eclupse of the moon. At 
other times the sun, moon, and earth get in the direct- 
line position that is shown in Figure 23. The moon comes 
between the earth and the sun. This throws the moon’s 
shadow upon the surface of the earth. When we look at 
the sun, we see its surface totally or partly darkened, 
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depending upon where we are upon 
the earth. Then we have an eclipse of 
the sun. 

OW DO THE MOON AND THE SUN 
H CAUSE TIDES? As you know, the 
earth has gravity. That is, it attracts 
everything toward itself. The gravity 
of the earth holds the moon in its 
orbit. Scientists have found that all 
the heavenly bodies have an attrac- 
tion for other bodies. The sun holds 


planet attracts 1ts moons. Our moon 
has an attraction of its own and pulls 
on the earth. It pulls both the land 
and the water, but the water moves 
more easily than the land. Therefore, 
the water is pulled up on the side 
Fic. 23. In August, of the earth nearest the moon. As 
1932, the mooncaused the earth turns, the pulled up water 


a total eclipse of the oon reaches the shore and makes 
sun along a path in 


epcternn Ganndarand me? tide there. When this happens, we 
New England. say that there is a hagh tide. 

The earth turns rapidly upon its 
axis, and soon the part of the ocean that was nearest 
the moon (where the water bulges out) turns away from 
the moon. Then the water settles back, and we have low 
tide. The strangest thing about the tides, however, 1s 
the high tide on the side of the earth away from the 
moon. The moon seems to pull harder on the solid part of 
the earth than it does on the water that is on the side 
farthest away from the moon. T hus, the water also bulges 
out on the side away from the moon. When the earth 
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the planets in their orbits, and each 
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turns half-way around so that we are farthest away from 
the moon, we have high tide again. 

As the earth turns upon its axis, two high tides take 
place at any point on the ocean’s shore every twenty- 
four hours and fifty minutes. Of course, there are also 


PULL OF SUNA 


WITH. MOON 


PULL OF SUN ACTS a 
AGAINST MOON 





Fic. 24. This diagram shows how the sun and the moon pull together 
and cause high tides at certain times of the month. It also shows 
how they work against each other and cause low tides at other times 
during the month. 


two low tides during this same period of time. So we 
have a high tide and a low tide alternating about every 
six hours and twelve minutes. 

The sun’s attraction for the earth also affects the tides. 
Twice a month it makes the tides unusually high, and 
twice a month it works against the moon so that tides 
are unusually low. Figure 24 shows the sun, moon, and 
earth when the tides are unusually high and unusually 
low. 


Self-Testing Exercises 


1. What is the difference between sunshine and moonshine? 

2. Why do we believe that there is no life on the moon? 

3. Write a paragraph telling why the moon appears to 
change its shape. 

4. What can people on the earth see happening during 
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Fic. 25. The same seashore is shown at low tide, on the left, and at 
high tide, on the right. 


an eclipse of the moon that they cannot see at other times? 
Why does this happen? 

5 Answer Exercise 4 for an eclipse of the sun. 

6. How many high tides does a city on the ocean have 
during twenty-four hours? 

7. How does the moon cause tides? 


Problems to Solve 


1. With a light, a large ball, and a small one show how 
eclipses of the sun and moon happen. You may use your head 
instead of a large ball to represent the earth. 

2. The new moon, first quarter, full moon, and last quarter 
are known as the phases of the moon. At which phase of the 
moon does an eclipse of the moon occur? 

3. At which phase of the moon does an eclipse of the sun 
take place? 

4. The sun helps the moon make an unusually high tide 
during two phases of the moon. Which phases are these? Why? 

5. Some people say moonlight is really sunlight. Is this 
true? Explain. 

6. The moon always turns the same side toward the earth. 
Does it always keep the same side toward the sun? Explain. 
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7. You can make a scale model that shows the earth and 
moon and the*distance between them. Use a ball two or 
three inches in diameter for the earth. Then calculate how 
large the “moon” should be and make it from clay or some 
other material that you can cut or mold to size. Calculate 
how far apart the balls should be and fasten them on a long 
board with nails. This model will help you solve Problem 8. 

8. Can you think or find out why there is not an eclipse 
of the moon each month when the moon is on the opposite 
side of the earth from the sun? 

9. On the scale you used in Problem 7 how far away and 
how large should the sun be? 


OW WAS OUR SOLAR SYSTEM MADE? No one knows, and 
H probably no one ever will know, just how the 
earth and the other members of our solar system were 
made. It happened, of course, hundreds of millions of 
years before there was such a creature as man. While we 
cannot actually know what happened, we can figure out 
what might have happened. Scientists have collected 
many facts about the different members of the solar 
system. They have also observed many of the other 
heavenly bodies. With these facts as a starting-point, they 
have thought out ways of explaining what they have seen. 
Such an explanation is said to be an hypothesis. 

An hypothesis is the best solution that we can think 
of for a problem at any given time. It cannot be proved 
to be true, but it gives the best explanation for the facts 
that we know. Sometimes, as new facts are discovered, 
they, too, can be explained by the hypothesis. At other 
times they cannot. Then the hypothesis must be changed 
to fit the new facts. When an explanation is called an 
hypothesis, you must remember that it is only the scien- 
tists’ best estimate. It may be true, or it may not be true. 
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The best explanation that we have today for the way our 
solar system was made is called the Planetesimal Hy- 
pothesis. | 

Let us see, first, what facts our hypothesis must ex- 
plain. We want to know how the planets were formed 
and why they keep circling around the sun in the same 
directions. Let us see how these problems are explained 
by the hypothesis. 

Scientists believe that several billion years ago our 
sun had no planets circling around it. It was very much 
like our present sun except that it was larger. As it was 
journeying across the heavens, another star passed near 
it. Now, you have already learned that every object pulls 
on every other object. Therefore, our sun and the other 
star pulled on each other. The result was that great 
masses of material were torn away from the sun. Material 
may have been pulled out of the other star, too. 

As the star passed on its way, it set the masses of gas 
from the sun whirling swiftly in great circles around the © 
sun. This whirling motion kept the masses of gas from 
falling back into the sun. You have produced an effect 
like this when you have tied a string to a small bucket 
of water and whirled it around rapidly. The whirling 
movement threw the bucket out from the center. The 
pull of the string kept the bucket from flying out into 
space. In a similar way the pull of the sun kept the 
gaseous materials from flying out into space, and the 
whirling motion kept them from falling back into the 
sun. 

The gaseous materials that had been torn away from 
the sun cooled off and changed into many solid bodies. 
These solid bodies have been given the name planetesimals. 
One of these bodies became our earth. When it was first 


PATH of tHe SU® 





Fic. 26. The formation of the solar system is explained by this dia- 
gram. As our sun and the other star came close together, bulges were 
formed upon opposite sides of the sun as in 2. When the bodies came 
closest together, as in 3, great streamers of gas were pulled from the 
sun. Then the sun was left with masses of gas revolving about it, as 
in 4. Finally, as you see in 5, these revolving masses of gas became 
solid bodies that continued to revolve about the sun. 


formed, it was probably only about one-tenth as large as 
it is now. As the earth journeyed around the sun, it 
passed near many of the smaller planetesimals, which 
were attracted to it. These, too, then became part of the 
earth. For millions of years this continued, and slowly 
the earth was built up to its present size. 

In some way another body was formed near the earth. 
This was the moon. The moon never grew so large as 
the earth. The pull of the earth and the moon on each 
other caused the moon to circle around the earth. In 
a similar way the other planets and their moons were 
formed. 

The hypothesis that you have just read is, of course, 
very much more complicated. This book can give you 
only the general idea of what scientists believe. As time 
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eoes on and new evidence is found, the Planetesimal 
Hypothesis may be changed. It is, however, the best 
explanation that we now have. 


Self-Testing Exercises 


1. Tell in your own words how the Planetesimal Hypothesis 
explains the formation of the planets from the sun and the 
circling of the planets around the sun. 

2. Explain how gravity helped the earth to increase in size. 

8 What is the difference between an hypothesis and a fact? 


Problem 3: 
WHAT IS THE NATURE OF THE UNIVERSE? 

OW LARGE IS THE UNIVERSE? We have learned that 

the sun is a star. It has a family of planets, moons, 

and comets circling about it. All the other stars, or suns, 
are so far away in space that they look like points of 
light. Many of these distant suns may have their own 
families of heavenly bodies traveling about them. When 
we wish to talk about all the stars out in space, with all | 
the other heavenly bodies, we speak of the universe. That — 
is, the universe is everything that exists In space. 

To us, who live on the earth, it seems that the earth 
must be a very important body. Of course, it is important 
to us, but is it a really important part of the entire 
universe? To answer this question we shall need to find 
out more about the universe. 

You already know that the sun is so large that it 
would hold about a million earths. As compared with 
other stars, however, our sun is only medium-sized. 
Betelgeuse, one of the large stars, would hold about 
27,000,000 suns and about 27,000,000,000,000 (twenty- 
seven trillion) earths. So far as size goes, you can see that 
the earth is a very unimportant, tiny body. 





Fic. 27. Have you ever looked up into the Milky Way and wondered 
what it really is? The first observation with telescopes astonished 
astronomers by showing them that the Milky Way is made up of 
myriads of stars. In other parts of the sky not nearly so many stars 
can be seen. 


When you look into the skies on a dark night, you can 
see fewer than 5000 stars with your naked eye. But with 
our most powerful telescope, at Mount Wilson, Cali- 
fornia, about fifteen hundred million stars can be seen. 
This number, scientists believe, is only a small fraction 
of the number of stars in the heavens. Such a number is, 
of course, so large that we cannot even imagine it. 

When you travel on earth, a thousand miles is a fairly 
long trip. If you were to travel through the universe, 
a trip of a thousand miles would get you nowhere. 
Distances are so great in the universe that instead of 
using the mile as a measure of distance, the astronomer 
uses a light year. A light year is the distance that light 
travels in one year. Light travels at the rate of 186,000 
miles a second. To find out how large a light year is, you 
must first multiply 186,000 x 60 X60 X24. This will give 
you the distance light travels in one day. Then you must 
multiply by 3654 (the number of days in a year). If you 
multiply these numbers, you will find that light travels 
about 5,869,713,600,000 miles in a year. 
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Fig. 28. This glowing disk, called the Great Nebula of Andromeda, 
is made up of tens of thousands of millions of suns. It 1s 800,000 light 
years away from the earth. If you traveled as fast as light straight 
out into space without stopping, it would take you nearly a million 
years to reach this nebula. 


The nearest star to us (except the sun) is 4.27 light 
years away. How many miles away would this be? The 
North Star is about forty light years away. Astronomers 
have seen some clusters of stars that are a million lhght 
years away. When you see how far away these stars are, 
you can understand why the astronomer does not use 
the mile as a unit of measurement. Here again the num- 
bers that represent distances in the universe are so great 
that we cannot even imagine how enormous the universe 
really is. 


HAT IS THE SHAPE OF OUR GALAXY? As you look at 

v¢ the heavens, the stars seem to be scattered across 
the sky in great confusion. But that is not true. As men 
have learned more about the universe, they have found 
that the heavenly bodies have an orderly arrangement. 
They have also learned that the vast spaces out beyond 
the earth are not crowded with heavenly bodies even 
though they may seem to be. Space is really very empty 
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Fia. 29. The diagram at the top shows a slanting view of our galaxy 
as we imagine it would appear if we could look down upon it. The 
diagram at the bottom shows how scientists believe the galaxy would 
appear if we could look at it edgewise. The center of it is much thicker 
than the edges. 


when we consider how vast the distances are between the 
heavenly bodies. 

Astronomers believe that the sun, including the solar 
system and all the stars that we see at night, are members 
of a great star group, or galaxy. Our own galaxy seems to 
have a flat, disk-like shape, somewhat like a watch. This 
galaxy is much wider than it is thick (Figure 29). The 
solar system is located in this group of stars near the 
place marked X in Figure 29. 

When you look out into the heavens at night toward 
point A or point B, you see comparatively few stars 
sprinkled over the skies. But when you look toward points 
C, D, E, or F, you are looking toward the farthest edges 
of the galaxy. Therefore you see many more stars when 
you look into these parts of the heavens. These stars 
appear as a band of light across the sky. We call this band 
of light the Milky Way. 

However, you must not get the idea that the stars in 
the Milky Way are crowded as close together as they 
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Fic 30. This spiral nebula is millions of miles in diameter and about 
one million light-years away from the earth. Scientists believe that © 
it is traveling away from our galaxy at a terrific speed. — 


appear to be. On the contrary, the stars are very far apart. 
They merely appear to be close together when we look at 
them because we are looking through such a great num- 
ber of them. 

Now the question arises, Does our galaxy contain all 
of the stars that exist? Astronomers think not. By means 
of very high-powered telescopes they have discovered 
about two million irregular-shaped, glowing masses of 
material called nebulae (singular, nebula). These nebulae, 
far outside of our own galaxy, are believed to be other 
galaxies of stars. A few of the nebulae seem to be masses 
of glowing gas that may be developing into clusters of 
stars. 

_ If we stop to think that probably each of these countless 
nebulae contains as many stars as our own galaxy con- 
tains, we are staggered by the immense size of the uni- 
verse. And when we remember that these millions of 
heavenly bodies are hundreds of thousands and even mil- 
lions of miles apart, it is quite beyond our powers of 
imagination to realize just how large all of space is. 
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Fic. 31. In earlier times men grouped the stars into constellations or 
outline pictures of men, animals, weapons, and so on. About each of 
these pictures they told an interesting story. 


OW CAN WE LEARN TO NAME THE STARS? For many 
H centuries people have enjoyed looking into the 
heavens upon dark nights and finding the stars that 
they know. Many of the brighter stars were well known 
to the ancients. The beauty of the great dog star, 
Sirius, filled the early Egyptians with awe, and Job, in 
the Bible, spoke of the star Arcturus. Long ago, lone 
shepherds watching their flocks at night imagined they 
saw pictures made in the skies by different groups of 
stars. They gave the names of animals, kings, queens, and 
their gods to these star pictures. Today we still find these 
sky pictures, and we still use the names that were given 
them long ago. Such groups of stars are called constel- 
lations. 

The stars appear to rise and set just as the sun and 
moon do, but this is because the earth itself is turning. 
However, if you watch the northern heavens at night, you 
will discover that many of the stars do not “‘set.’’ One 
star, the North Star, appears to stand still while the other 
stars seem to move around it in circles. The North Star 
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Fic. 32. The map shows the constellations that circle around the 
North Star night after night. 


seems to stand still because it is almost exactly above the 
North Pole of the earth. 

You are probably familiar with the Big Dipper (Ursa 
Major) and the Little Dipper (Ursa Minor). The two 
end stars in the bowl of the Big Dipper will help you find 
the North Star and the Little Dipper. On some dark, 
clear night try to find the constellations shown in Figure 
32. Cepheus, Cassiopeia, and Draco, the dragon, are 
other northern constellations that can be seen almost any 
clear night. 

Almost anyone can learn to locate some of the more 
prominent constellations. As the earth moves around the 
sun during the year, the dark side of the earth 1s turned 
toward different parts of the heavens and finally comes 
back to the same part again. For this reason some con- 
stellations that can be seen during one season are in- 
visible during another season. Figures 33 and 34 show 
maps of the eastern sky in autumn and in spring. 
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Fic. 33. When you look toward the eastern sky at eight o’clock in 
the evening in October, these are the constellations that you should 


be able to find. 


Some of the constellations and stars shown on the 
autumn map are: Taurus, the bull, with the red star 
Aldebaran; Auriga, with the gold star Capella; Cetus, 
the sea-monster; Aries, the ram; Pisces, the fish; Cassio- 
peia, the queen in her chair; Andromeda, the daughter 
of Cassiopeia; Perseus, who rescued Andromeda; and 
Pegasus, the winged horse, which has no very bright stars 
in‘it. Locate these constellations on the sky map (Figure 
33) and then try to find them in the night skies during 
the autumn. 

Some of the constellations of the spring skies are: 
Bootes, the plowman, with the yellow-orange star Arc- 
turus; Leo, the lion, with the star Regulus; Virgo, with 
the white star Spica; Draco, the dragon; Hydra, the ser- 
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Fic. 34. These are the constellations you can see in March in the 


eastern sky at eight o’clock in the evening. 
the crow; the Crater, the cup. Locate these 
map (Figure 


pent; Corvus, 
constellations and stars on the spring sky 


34); then try to locate them for yourself in the might skies 


next spring. 
Many of the constellations have interesting legends that 
have been told about them since ancient times. You can 


read these legends in books about the stars. 


Self-Testing Exercises 
1. Tell what the term wniverse means to you. 


2. What is a constellation? 

3 What is a light year? Why do astronomers use light 
years? 

4. Why do the constellations of the northern skies seem 
to circle about the North Star? 
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5. Use the words listed to fill in the blanks below. 
star(s) planets galaxies universe 
moons planetoids comets 
a) The universe is composed of _....... 
b) A galaxy is composed of _____. 
c) The solar system is composed of Spee eG ek ao : 
ELC ee, 

6. Why do we see different constellations in the skies at 
different times of the year? 

7. Why does the Milky Way appear so light? 

8. What is the shape of our own galaxy? 

9. How long would it take an airplane flying at the rate 
of 200 miles an hour to reach the North Star? (See page 38.) 


Problem 4: 
HOW DO THE EARTH’S MOVEMENTS AFFECT US? 

s 1t hard for you to believe that you are living on a 

body that is moving faster than any airplane? The earth 

travels or revolves around the sun in one year at a speed 
of 66,000 miles an hour. It rotates on its axis at a speed 
of 1000 miles an hour at the equator. These things are 
hard to believe, yet careful measurements made by scien- 
tists with the help of their telescopes show that they are 
true. They also find that the earth’s axis does not point 
straight “up and down”’ as the earth goes around the sun. 
It is tilted 234 degrees. 

The two movements of the earth and the tilt of the 
axis explain many things. You already know why we have 
years. A year is the length of time the earth takes to go 
around the sun. Day and night are caused by the earth’s 
turning on its axis, so that we are carried out into the 
light of the sun and then back into the earth’s shadow 
each twenty-four hours. But why are the days longer in 
summer than they are in winter? 
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Fic. 35. This picture of the star trails around the North Star 1s 
another proof that the earth is rotating. When a camera is set for an 
hour’s time exposure with the North Star in the center, a picture like 
this results. Since the stars are bodies like our own sun, they are not 
rotating; therefore, the earth must be moving. 


HY DO THE DAYS AND NIGHTS DIFFER IN LENGTH AT 

\¢ DIFFERENT TIMES. OF THE YEAR? Everyone knows 
that the longest days in the year come near June 21, and . 
the shortest days near December 21. About March 21 
and September 21 the lengths of the days and nights are 
equal. Now let us see if we can understand why this 
change in the length of the day and night takes place. 


ExpErmMeEnt 3. Why Does the Length of the Days and Nights 
Change? (a) Push a knitting needle or wire about six inches 
long through a tennis ball. The tennis ball is to represent 
the earth. Draw a circle around the ball to represent the 
equator. Draw another circle to show the latitude in which 
you live and place an X on it to represent your city. Make a 
stand for the ball, as shown in Figure 36. 

Now draw a circle at least two feet in diameter upon a piece 
of wrapping paper. This represents the earth’s path around 
the sun. Divide the circle into quarters, as shown in Figure 36. 
Write the dates of the beginnings of the four seasons. Turn the 
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paper so that the winter position is in the north, and set a 
lighted candle at the center of the circle. 

Place the ball on the circle at the point marked autumn, 
with the needle (axis) in a perpendicular position. Observe 
that the light from the candle lights up the ball from pole to 
pole. Turn the ball on its axis. Does it still hght up the ball 
from pole to pole? Now place the ball, in turn, at the points 
marked for each of the other seasons and rotate it. Does the 
candle always light up the ball from pole to pole? If the axis 
of the earth were straight up and down, would the length of 
the days and nights change? 

b) Now place the ball at the autumn position (east of the 
candle), with its axis at an angle of about 23 degrees from the 
vertical line and pointing toward the north. (This angle can 
be measured with a protractor.) Rotate the ball on its axis. 
Does the candle light up the ball from pole to pole? Would the 
length of the days and nights be equal at the spot on the 
“earth” marked X? 

c) Now place the ball in the winter position, with its axis 
still tilted toward the north. On the circle where you live meas- 
ure with a piece of string the part of the ball that is lighted. 
Also measure the part of the ball that is dark. Will the days 








Fic. 36. Apparatus for Experiment 3 
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be longer, shorter, or the same length at this season of the 
year? | 
d) Move the ball to the spring position and repeat part 6 
of the experiment. Will the length of the days and nights be 
equal? 

e) Move the ball to the summer position and repeat part ¢ 
of the experiment. Will the days be longer, shorter, or the 
same length in the summer? 


Now let us see what this experiment shows. You 
found that the days and nights would be the same length 
all year round if the axis of the earth were perpendicular. 
to the path it takes around the sun. But you know that 
the days and nights are not the same length all during 
the year. 

When the earth’s axis was tilted, you found that in 
autumn and spring the earth was lighted from pole to 
pole. When the earth rotated, the lengths of the days and 
nights were the same. In the winter, the lighted part of 
the earth where you live was smaller than the dark part. — 
Therefore the days were shorter than the nights. In 
summer the lighted part of the earth where you live was 
larger than the dark part. Therefore the days were longer 
than the nights. 

From this experiment you can see that the length of 
days and nights changes because of two facts: (1) the 
axis of the earth is tilted; (2) the earth moves around the 
sun. 


Self-Testing Exercises 


1. Why are the lengths of the days and nights the same about 
March 21 and September 21? 

2. Why are the days shorter in winter than in summer? 

3 State all the things you need to know to explain why the 
lengths of the days and nights change during the year. 
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1. Make a graph showing the lengths of days and nights for 
your locality, (a) on December 21, and (b) on June 21. 
2. At Hammerfest, Norway, which is located at 71° N., 


the sun never sets from May 13 to 
July 8, and never rises from November 
12 to January 23. See if you can explain 
why this is true. 


HY DO WE HAVE DIFFERENT 
\¢ TIME IN DIFFERENT PARTS OF 
ouR country? If you have ever 
traveled across the United States, 
you discovered that at certain places 
you had to change your watch. If 
you travel east, you set your watch 
an hour faster at certain places. If 
you travel west, you set your watch 
an hour slower. Probably you have 
noticed that a radio program sched- 
uled at nine o'clock in New York 
comes on the air at eight o'clock if 
you live in the central states, and at 
six o'clock if you live on the Pacific 
Coast. Do you know why all parts 
of our country do not have the same 
time? 

As you watch the sun in the morn- 
ing, it appears to rise in the east. 
Actually, of course, the earth is rotat- 
ing from west to east, and as it turns 
farther and farther, the sun appears 
higher in the sky. The circumference 
of the earth is about 25,000 miles 
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Weather Bureau gets 
time data by using the 
rotation of the earth, 


which is a_ regular 
movement, and a tele- 
scope. The telescope is 
set inanorth and south 
line. The exact time 
when the sun appears 
in the telescope is 
noon. The time that 
elapses until the sun 
appears again is a day. 
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Fic. 38. This diagram shows how we locate places on the earth’s 
surface by means of latitude and longitude. Latitude 1s measured in 
degrees north and south of the equator. Longitude is measured in 
degrees east or west of the prime meridian, which passes through 
Greenwich, England. What are the latitude and longitude of Chicago 
and New York? 


at the equator. Since the earth turns once on its axis 
every twenty-four hours, you see that the earth is rotat- 
ing at a speed of about 1000 miles an hour at the equator, 
or about 17 miles per minute. At the latitude of New York 
(40° N.) the earth is not so large around, and its speed of 
rotation is about twelve to thirteen miles a minute. This 
means of course that in a city about 800 miles west of 
New York the sun would rise an hour later. In between 
the two cities the sun would rise at about a minute 
later for each twelve or thirteen miles that the place was 
farther west of New York. Each place would thus have a 
different time by the sun. 

It would, of course, be very confusing if each city had 
its own time. For this reason the government has adopted 
a standard time system. The sun reaches the eastern part 
of the United States first; so all places within one-half 
hour’s time east and west of the 75th longitude line, or 
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Fic. 39. The standard time belts in the United States. The boundaries 
of the different belts are irregular because it was found more 
convenient in operating the railroads to change time at certain 
stations. 


meridian, have Eastern Standard Time (Figure 39). They 
are in the Eastern Time Belt. Similarly, places along the 
90th meridian have Central Standard Time; those along 
the 105th meridian have Mountain Standard Time; and 
those along the 120th meridian have Pacific Standard 
Time. 

People who travel long distances have to set their 
watches back an hour whenever they cross from one time 
belt to another in going from east to west. In going from 
west to east, they set their watches forward one hour 
when they pass from one time belt to another. 


Self-Testing Exercises 


1. Why do different places have different time by the sun? 

2. What is the standard time system? 

3. Why was the standard time system adopted in the 
United States? 

4. How many time belts are there in the United States? 
In which one do you live? 
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HY DO WE HAVE SEASONS? If someone asked you 

why the days are warmer in summer than in winter, 
your first answer would probably be, “Because the days 
are longer in summer.’ Your answer would be partly 
correct, because the days are longer in summer than in 
winter, and the earth therefore re- 
ceives more heat during the longer 
hours of sunlight. 

But this is not the only reason why 
summer days are warmer. There are 
other conditions that help make sum- 
mer warmer than winter. The follow- 
ing experiments will help you to see 
some of the other conditions that 
cause the seasons. 





ExprerIMEenT 4. How Does the Angle 
Fic. 40. Apparatus of the Sun’s Rays Change from Day to 
for Experiment 4 Day? Get a piece of cardboard to put 

on a window-pane in your schoolroom 
and cut a four-inch square from the center of it. Fix the card- 
board over a window-pane where the sun will shine through 
the opening. Place a piece of paper upon a table-top or other 
flat surface in the spot of sunlight and draw the outline of the 
bright area (Figure 40). Write the date and exact time upon 
this sheet of paper. 

Repeat the experiment again a week later. Be sure to do the 
experiment at exactly the same time of day and place the 
paper in the same position as before. Do the experiment 
several more times at intervals of a week. 

Compare the shapes of the lighted areas. Do the shapes 
appear to be changing? Does the lighted spot get nearer to, or 
farther from, the window? From this experiment, can you say 
that the angle at which the sun’s rays strike the earth changes 
from time to time? 7 
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Fic. 41. Apparatus for Experiment 5 


ExpERIMENT 5. How Does the Angle of the Sun’s Rays Affect 
the Amount of Heat the Earth Gets? Fill two cardboard boxes 
with sand or dry soil as shown in Figure 41. Lay thermometers 
on the boxes with the bulbs buried in the sand. 

Place one box, as shown in A of the figure, so that the 
sun’s rays will fall upon it vertically, that is, at an angle of 
ninety degrees. Arrange the other box with sand and ther- 
mometer on two small blocks, as shown in B of the figure, 
so that the sun’s rays will fall upon it at an angle of about 
forty-five degrees. 

Allow the sunlight to shine upon both boxes for about 
twelve minutes. Record the temperature of the sand on both 
boards. Are direct or slanting rays of the sun hotter? 


You have probably observed that the sun gets almost 
straight overhead at noon in summer. In winter, however, 
the sun at noon is scarcely half-way up to that point. 
From Experiment 3 you will remember that the upper 
half of the earth (where we live) is slanted toward the 
sun in summer. In winter the opposite is true: The 
axis of the upper half of the earth is slanted away from 
the sun. This slant of the earth’s axis causes the sun’s 
rays to strike the earth at different angles during different 
seasons of the year. 
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Vertical rays in summer, when the sun is almost directly 
overhead, give a greater amount of light and heat to 
the earth. Slanting rays in winter give less light and 
heat: 

If you compared the amounts of light and heat received 
by a square foot of the earth during the same hour in 
winter and summer, say from one to two o'clock in the 
afternoon of an average day, you would find that the 
amount of heat and light received would be much greater 
in summer. You learned from your experiments that 
the more nearly vertical the sun’s rays are when they 
strike the earth’s surface, the smaller amount of surface 
they cover. When the same amount of radiant energy 
is spread over a smaller surface, the amount of heat 
received by that surface will be greater. 

As you have learned, in winter the sun’s rays strike 
the earth at a much greater angle than in summer. This 
affects the temperature of the earth in another way. 
When the sun’s rays strike almost vertically, they have 
much less atmosphere to pass through than when they 
strike the earth at a greater angle (Figure 42). Dust par- 
ticles or particles of other substances in the air help to 
stop or scatter the sun’s rays. So, when these rays have a 
smaller amount of atmosphere to pass through, the earth 
receives more heat. 

Let us summarize the conditions that cause summer 
and winter: 

(1) Days are longer in summer than in winter; therefore 
the earth has more hours of sunshine to heat it. 

(2) Because the earth’s axis is inclined toward the sun 
in summer, the sun’s rays strike the earth more nearly 
vertically; therefore they give more heat to the earth. 

(3) In summer the sun’s rays pass through less at- 





Fic. 42. A comparison of the amount of atmosphere the sun’s rays 
pass through in summer and in winter. 


mosphere than in winter; therefore they lose less of their 
heat. Each of these conditions helps to make summer 
warmer than winter. 


Self-Testing Exercises 


1. Close your book and give three reasons why summer is 
warmer than winter. 

2. Close your book and draw a diagram that shows why 
the sun’s rays shine more nearly straight down on you in the 
summer time. First, draw a circle to represent the earth. 
Add marks for the North and South Poles. Put an X on 
the circumference about where you live. Then add the sun 
and its rays. 


Problems to Solve 


1. Use a diagram like the one for Self-Testing Exercise 2 
to show why people on the southern half of the earth have 
warm weather at Christmas time. 

2. Do people who live at the equator have summer and 
winter as we do? Explain. 

3 How would our seasons be different if the axis of the 
earth were not inclined? 


55 


56 SCIENCE PROBLEMS, BOOK TWO 


Problem 5: 
HOW DO ASTRONOMERS LEARN ABOUT THE HEAVENLY BODIES? 


CIENTISTS who work with things on the earth can 

handle the materials they are studying. They can 
feel and weigh and measure them. They can put samples 
into test-tubes and find what elements and compounds 
are present. But astronomers cannot do that. All they 
have to work with is the light that comes from the 
heavenly bodies. 

Yet astronomers are able to tell us that what appears to 
be a mere point of light in the night sky is really two 
ereat suns fifty light-years away, revolving around each 
other and at the same time traveling away from the earth 
at a rate of twenty-five miles a second. The astronomers 
can also tell us what elements these suns and other suns 
are made of. How can so much be learned from such a 
tiny bit of light? 

In the time of the Greeks the only instruments astron- 
omers had were queer-looking devices for sighting the stars 
and measuring the angles at which they were seen. These 
instruments could be used to measure the angles of the 
stars in relation to the earth because the light from a 
star comes in a straight line from the star to the ob- 
server on the earth. 

These were the only kinds of instruments used by 
astronomers until Galileo began to use the telescope 
about 330 years ago. Today practically every observa- 
tion of a heavenly body is made through a telescope of 
some kind. Cameras, instruments for measuring angles, 
and instruments for studying the light in special ways 
are attached to the telescopes. Often microscopes and 
very accurate measuring instruments are used to study 
the photographs made with the help of telescopes. 
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OW DO TELESCOPES HELP ASTRONOMERS? ‘Telescopes 

do two things that are helpful in studying the stars. 
They magnify such objects as the moon or a planet so 
that these heavenly bodies appear to be larger and nearer 
than when we look at them without an instrument. To 
make a magnified moon bright enough to study with care, 
the telescope must also gather a 


great deal more light than can fall NEAGING THIN PAPER MAGNIFII 
: ; : GLASS SCREEN  (EYEP/EC: 
on the pupil of a person’s unaided (ogdecrive) F 


eye. However, even the most power- 
ful telescopes show all stars as points 
of light. The only thing a telescope 
can do is to make them seem brighter 
by gathering a great deal of light and 
concentrating it at one point. 

Telescopes are made with curved 
disks of glass called lenses. Since a 
lens works by bending, or refracting, 
the light rays, this kind of telescope Fic. 43. Apparatus 
is known as a refracting telescope. for Experiment 6 





ExpEeRIMENT 6. How Does a Refracting Telescope Work? 
Arrange a reading glass, a paper “screen,” and a magnifier 
before a window as shown in Figure 43. A large cardboard 
around the reading glass will help shut out the light you do 
not need. Other windows should have the shades drawn. 

Now move the paper screen slowly back and forth until 
you see on it a distinct “picture,” or image, of some distant 
object, such as a chimney or a tree. This image will always be 
upside down. Next look through the magnifier and move it 
until the paper screen with the image on it is magnified and 
shows clearly. Now remove the screen and look through the 
magnifier. The distant object should be visible and should ap- 
pear closer than it does without the lenses. 


Two ordinary lenses 
arranged as in Figure 45 
show how all refracting 
telescopes work. A large 
lens, called the objective, 
forms an image, or pic- 
ture, of what is to be seen. 
Then the smaller lens, or 
eyeplece, magnifies the 
image for the eye of the 
observer. As you dis- 


Fic. 44. The sixty-foot telescope at covered, if you did the 
Yerkes Observatory, Williams Bay, experiment, the image 


Wisconsin, is the largest refracting | 
telescope in the world. The lens at does not have to fall on a 


the upper end is forty inches in screen to be seen through 
diameter, the eyepiece. 

In such a crude telescope as the one that has just 
been described, the objects do not show very clearly, 
and there are false colors around them. To get sharp 
images and to avoid false colors, good telescopes have 
very carefully shaped lenses made of two kinds of glass 
fastened together. 

As you probably know, we see objects because they 








Fic. 45. This diagram shows the essential parts of a refracting tele- 
scope and how the rays of-light from the stars travel through the 
telescope to the eye of the observer. 


58 


send light to our eyes. 
The farther away an 
object is, the less ight 
our eyes receive from 
it. When we see a star, 
light from the star 
passes through the pu- 
pil of the eye. A lens 
inside the eye bends it, 
so that it all falls at one 
point in the back of the 
eye. Naturally, only a 





at Mount Wilson Observatory has a 
little light can be re- frame instead of a long tube to hold the 


ceived because the pu- mirrors and the eyepiece. The part that 


holds the 100-inch mirror can be seen 


pil is so small. Many at the lower end of the frame. 


stars are so far away 
that our eyes do not receive enough light from them to 
enable us to see them. 

The objective lens of a telescope is, of course, much 
larger than the pupil of the human eye. Therefore much 
more light from a star can be gathered by the lens than 
by the eye. It is somewhat like the amount of light that 
comes into a room through a large window as compared 
with the amount of light that would come in through a 
small hole in the curtain. 

The objective lens also bends the hight rays that strike 
it so that a great deal of light 1s concentrated in a small 
space. Thus, it is possible to see objects that could not 
be seen with the naked eye. A one-inch lens, for example, 
gathers twenty-five times as much light as a person’s 
eye and brings these rays together in a small space. This 
makes it possible to see 220,000 stars that cannot be 
seen with the eye alone. 
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In a reflecting telescope no large lens is used. The 
light from the star falls upon a large mirror. The surface 
of this mirror is concave, that is, it is hollowed out. When 
light from a star strikes such a mirror, the rays that are 
reflected back all come together at one point. A small, 
flat mirror (Figure 47) is placed below the point where 
the rays come together. This mirror reflects the hght 
out to one side where an eyepiece can be used to look 
at the image. Large mirrors are much easier to make 
than large lenses. For this reason our most powerful tele- 
scopes are “reflectors.” | 

The largest reflecting telescope now in use has a mirror 
100 inches (more than eight feet) in diameter. This is in 
the Mount Wilson Observatory in California. A glass 
mirror 200 inches (16% feet) in diameter was made in 
1935 and is being prepared for use. It will be placed in a 
telescope in a new observatory on Mount Palomar in 
California. 

Astronomers use a telescope to take pictures by remov- 
ing the eyepiece and putting a photographic plate where 
the image is made by the large lens. It the image is kept 
in exactly the same place for a long time, the photograph 
that is made shows many stars that cannot be seen by 
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Fic. 47. This diagram shows the essential parts of a reflecting tele- 
scope and how they gather light. 





Fic. 48. A surveyor can find the distance between two places by 
measuring angles and solving a mathematical problem. 


looking through the telescope. Some star pictures have 
been exposed night after night until the starlight has 
shone on the plates for twenty-five hours. Two- and three- 
hour exposures are quite common. 

OW DO ASTRONOMERS MEASURE DISTANCES? We have 
H already learned that the early astronomers invented 
instruments for sighting stars and measuring their posi- 
tions. Methods of measuring angles are now so accurate 
that an astronomer in Chicago, watching a light as far 
away as New York, could measure how far it is moved 
sidewise and not make a mistake of more than three- 
fourths of an inch. 

To measure distances, astronomers follow the plan used 
by surveyors when they measured the distance to some 
object on the opposite side of a river. If the surveyor 
wishes to know how far tree B is from tree A (Figure 48), 
he sets a stake at C. With his instruments he measures the 
angle at 2, the angle at y, and the distance from tree A 
to the stake, C. Then by solving a mathematical problem 
he can find the distance between A and B. In a similar 
way, two astronomers located at different points may 
sight a planet at the same time. Then, by knowing the 
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position of the planet as seen from each telescope and the 
distance between the telescopes, they can calculate the 
distance to the planet. 

When astronomers began to measure the distances to 
stars, they had to make a change in their method. Most 
stars are so far away that 
no difference in the angle 
can be found from different 
points on the earth’s sur- 
face. Astronomers found, 
however, that if they sight 
these stars at one time and 
then sight them again six 
months later, a difference 
in the angle is obtained. 

During the six months 
the earth travels half-way 
around the sun. It is then 
186,000,000 miles away 
from the place it was six 
months before. This gives 
the astronomers a triangle 





Fic. 49. Two astronomers located 


at different places on the earth 
can find the distance to the moon 
by measuring the angles at which 
they see the moon and by know- 
ing the distance between the two 


with one side 186,000,000 
miles long. They have found 
that by this method the 
distance to stars that are 


places. 


not more than 300 light- 
years from the earth (about 1,7 61,000,000,000,000 miles) 
can be measured fairly accurately. 

Most stars are farther away than 300 light-years. They 
are so far away that they seem to stand still as the earth 
swings around the sun. To estimate the distance to these 
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SUNLIGHT 


NARROW 
SLIT 





Fra. 50. In a spectrograph a prism bends each color in a ray of light 
a different amount and thus separates it from the other colors. In 
real spectrographs several lenses are used to make the lines in the 
spectrum distinct. 


farther stars and to measure the diameters of. stars, 
astronomers must use methods that we cannot explain 
to you now. 

OW CAN ASTRONOMERS TELL WHAT ELEMENTS ARE 
H IN THE SUN AND THE STARS? Have you ever seen a 
ray of sunlight shining through a triangular bar of glass 
or through the corner of a rectangular aquarium? If so, 
you have seen how the white light of the sun is spread 
out into a band of rainbow colors. This band of colors is 
called a spectrum. It shows that sunlight is really a 
mixture of many different colors of light. 

The triangular piece of glass used to spread out a ray 
of light in this way is one kind of prism. By sending a 
ray of light through a narrow slit, a prism, and some 
lenses, scientists can make a very perfect separation of 
all the colors of light in a mixture. An instrument that 
separates the colors of light in this way is called a spectro- 
scope (or spectrograph, if it takes a picture of the spectrum). 
Astronomers use spectroscopes and spectrographs to learn 
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Fic. 51. Part of the spectrum of the sun and of Arcturus are compared 
with lines from the light of the element titanium in the laboratory. 
Notice how each bright line from the element is matched by a dark 
line in the spectrum. This tells scientists that gaseous titanium is 
found in the atmosphere of both the sun and Arcturus. The other 
dark lines are from other elements. 


what kinds of materials the sun and stars are made of. 
How can they do this? 

To learn how a spectroscope can analyze starlight, you 
need to know a few new facts about the way elements 
behave on the earth. When some substance containing 
the element sodium is vaporized in a flame, it gives a 
very bright yellow light. When this light is sent through 
a good spectroscope, two yellow lines can be seen very 
close together in a certain place in the instrument. No 
other element gives two lines in exactly this position. 
Therefore, when a scientist finds these yellow lines in 
the spectrum of any substance, he knows that the sub- 
stance contains sodium. 

Each element has its own peculiar set of lines; and 
usually there are many lines, rather than a few. Iron, for 
instance, produces hundreds of lines. By vaporizing any 
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unknown substance and causing it to give out light, 
either in a flame or by means of electricity, scientists can 
tell just which elements are present in a substance. 

The material in the sun and in most stars is glowing 
gas. Thus each element in these heavenly bodies gives 
out its own particular colors of light. When they reach us, 
they are mixed up. By using the spectroscope, astrono- 
mers can separate the different colors and find the lines 
that come from the different elements in the sun and 
stars. The light from nearly sixty elements has been 
found in sunlight. Among these are such common ele- 
ments as calcium, hydrogen, iron, magnesium, nitrogen, 
oxygen, silicon, and sodium. Lines from an unknown ele- 
ment, that was named helium (“‘sun element’’), were 
found in the sunlight more than twenty-five years before 
the element was discovered on the earth. 


Self-Testing Exercises 

1. What was the first instrument used by astronomers? 

2. Why are telescopes the most important instruments used 
by modern astronomers? 

3. Name two kinds of telescopes. Explain briefly how each 
kind works, using diagrams. 

4. How do astronomers measure the distance to a body in 
the solar system? To one of the nearer stars? 

5. What does a spectroscope tell scientists about stars? 
How does it work? | 


Problems to Solve 


1. List as many reasons as you can why a large reflecting 
telescope is more practical than a large refracting telescope. 

2. Give some of the ways in which mathematics is useful 
to an astronomer. 

3. Use a reading glass, a magnifier, and a tube of some kind 
to make a telescope that you can use to look at the moon. 
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LOOKING BACK AT UNIT 1 


1. This unit emphasizes a number of important scientific 
‘deas. You should have most of them clearly in mind. With- 
out your book try to write all the “big ideas” of the unit 
in a list. The sub-problems of each problem will help you see 
what these big ideas are. State each one in a complete sen- 
tence, thus: 

a) The earth is a ball 8000 miles in diameter, composed 
of a solid part, a water part, and the air. 

b) We believe that the earth is a sphere because we cannot 
explain a number of facts unless it has that shape. 

c) Our solar system 1s -....-.------- | 

2. In your list for Exercise 1 put a star in front of the ideas 
that seem most interesting and important to you. 

3. After your study of Unit 1 you should understand 
the following words. Show in some way that you understand 
them. You can show your understanding in any one of several 
ways: (a) by giving a definition of each one in your own 
words, (b) by using the word in a sentence, (c) by giving 
an example, (d) by telling something about each one. 


star galaxy latitude hypothesrs 
comet nebula longitude constellation 
orbit eclipse meteorite solar system 
planet unwwerse astrologer sun tume 
meteor sun-spot astronomer standard tume 


ADDITIONAL EXERCISES 


1. The longest and shortest days occur about June 21 
and December 21. However, the warmest and coldest weather 
do not usually come until about a month after these dates. 
Explain why. 

2. Make a booklet telling of people’s early beliefs about 
astronomy. 

8 Make a booklet of important astronomers, telling about 
their lives and their work. Include such men as Galileo, 
Kepler, and Copernicus. 
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4. Make a North-Star finder like the one shown in Figure 
52. On some clear, dark night, go into the open where there 
are no trees or buildings to obscure your view. Push the 
sharpened end of a broomstick firmly into the ground and turn 
the pointer north by means of the compass. 

By means of the protractor set the 
pointer to correspond with the num- 
ber of degrees of latitude where you 
live. Sight down the pointer and you 
should be able to find the North Star. 

5. Here is an easy way to get an 
idea of how far the planets are spaced 
from the sun. Tie one end of a large 
ball of wrapping twine to a post on 
the playground. Let the post repre- 


sent the sun. a —_— 


Using a space-scale of one inch to 
36,000,000 miles, refer to the table on 
page 20 and figure out the distances 
each planet would be from the sun 
according to your scale. For example, 
if one inch equals 36,000,000 miles on gear yo Neeser i 
your scale, Mercury would be one Additional Exercise 4 
inch from the post, which represents 
the sun. Make a loop in the cord at this place and tie a paper 
clip here. Place a card in the paper clip marked “Mercury.” 

Do the same for each of the other planets. You may be 
very much surprised at the results of the exercise. 

6. Make a sun dial and use it for telling sun time, or 
solar time. Fasten a square or round board firmly to the top 
of a strong post. Be sure it is level. Fasten a large spike nail 
or heavy wire vertically in the board near its center. 

By using a compass or “sighting” at the North Star at 
night, draw a line on the board straight north of the wire. 
On a sunny day set your watch at twelve o’clock noon when 





COMPASS. 
— WAIL aad WASH 


WOOD BASE 10 T 
UPON BROOMST 


~ PROTRACTOR 


STRIP OF WOOI 


POINTER 


BROOMSTICK. 


END SHARPENED TO 
PUSH INTO GROUND 
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the shadow of the wire points straight north. Then make 
marks where the shadow falls at the other hours otf the day. 

7. Look at Figure 20, page 27. The principal craters, moun- 
tains, and plains of the moon are shown. When the moon is 
full, get a pair of field glasses and locate these features on the 
moon itself. 

8 Read in reference books about the great telescopes of 
the world. 

9. Why is the Arctic circle just 235 degrees away from 
the North Pole? 

10. Why is the Tropic of Cancer 233 degrees from the 
equator? . 

11. If you wish to do some further work in astronomy, 
obtain an astrolabe (a kind of star-finder) made by the Geo- 
graphic Press of Columbia University, New York City. This 
device will enable you to locate stars easily and to learn many 
other things about the movements of heavenly bodies. 








Fia. 53. As you may remember, Aristotle, the famous Greek thinker of 
long ago, believed that small or light objects fell more slowly than 
large or heavy objects. But Galileo doubted this; so he decided to 
find the truth by an experiment. From the top of the famous Leaning 
Tower, in Pisa, Italy, he dropped a heavy ball and a light ball at the 
same instant. Which ball reached the ground first? What is this mys- 
terious force, gravity, that makes things fall toward the earth? 


UNIT TWO 


UNIT 2 
HOW IS THE FORCE OF GRAVITY 


USEFUL TO US? 


INTRODUCTORY EXERCISES 
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*1. What do we mean when we: say that all matter is 
made of molecules? 

*9 Describe an experiment to show that gravity pulls 
on the air; that is, that air has weight. 

3. Why does a feather fall more slowly than a coin? 

4. Explain why water squirts out sidewise when a hole 
is bored in the side of a barrel full of water. 

5. Why do stratosphere balloonists seal themselves 
inside a metal ball when they start their trips that carry 
them miles above the earth? 

6. Why was it necessary for the steel walls and quartz 
windows of Beebe’s bathysphere to be very thick when it 
was lowered a half mile into the ocean? 

7. Does a falling brick have gravity, or does the earth 
have gravity, or do they both have it? Explain why you 
answer as you do. 

8. Give as many uses of gravity as you Can. 

9. A ten-pound stone and a 100-pound stone were 
dropped at the same instant from the top of a tower 150 
feet high. Did one stone strike the ground before the other, 
or did both strike at the same time? 

10. Where have you ever seen a barometer? What was 
it used for? 

11. Does gravity help supply your home with water? 
If so, how? | 

12. When you drink milk or “pop” through a straw, 
does the liquid go up into your mouth because of a pull 
from your mouth or because of a push on the liquid? 
Explain. j 








Bee Ss esr ene ao oN ee 


Fic. 54. Every time you dive into the water, gravity pulls you down. 
Then, as you will learn in this unit, gravity strangely enough causes 
the force that pushes you up to the surface of the water again. 


LOOKING AHEAD TO UNIT 2 


F COURSE you remember when you fell off your 
bicycle, lost your balance while roller-skating, or 
tumbled down stairs. Gravity gave you a jolt to make 
you remember. Perhaps you have let a heavy box slip 
and had gravity bruise your toe! You may have slipped 
on the ice and had gravity jerk you down so hard that 
you wanted to cry! 

You have had so many things like these happen to 
you that you take the force of gravity for granted; you 
expect anything to fall downward if you let it slip from 
your hands. If you see something going upward that 
really ought to go down, you wonder why it is going up. 
The balloon man at the circus makes money because he 
sells things that overcome gravity and go up instead of 
down. 

Have you ever wondered just what gravity is? What 
queer kind of “‘rubber band”’ must be attached to every- 
thing to pull it back to earth after it has been lifted up? 
Did you ever stop to think that all the different kinds of 
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Fic. 55. Isaac Newton was a professor at the great University of 
Cambridge about 275 years ago. One year the university was closed, 
and Newton went home to the country. There, according to a story 
that his niece told, he was resting in an orchard one day when an 
apple fell off a tree and rolled along the ground. The falling apple set 
him wondering why objects fall down instead of up. 


legs and wings animals have, the foundations we use in 
our buildings, and many of the wheels in our machines 
were made to resist the force of gravity? 

About 275 years ago a falling apple set Sir Isaac New- 
ton wondering about gravity. What makes an apple fall 
down instead of up? How far out into space does gravity 
go? Can it reach as far as the moon? If it does, why 
doesn’t the moon fall on the earth? Does gravity pull on 
everything? And, if so, does it pull on all things with 
equal force? 

Newton did not stop thinking about gravity at the 
end of five minutes or of five days. He continued his study 
of gravity for a long time and worked out many hard 
mathematical problems that helped him find answers to 
the questions he had been wondering about. Twenty 
years later he proved that the moon is held in its orbit by 
gravity, and he wrote down a very important scientific 
law called the Law of Universal Gravitation. 

Now, we are not going to ask you to think about gravity 
for twenty years, but we are going to ask you to think 
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about it for a few days. You 
will find that it is well worth 
thinking about, for it helps 
you as much as it hinders 
you. Do not just read what 
your book tells you and then 
stop thinking. While you 
are studying this unit, think 
about gravity at home, on 
the street, during ball 
games, everywhere! Dis- 
cover for yourself why you Fia. 56. If you imagine that ob- 
sometimes have to work _ jects keep on falling into the 
against gravity and how earth, you find that they meet at 


i th ter of th th. 
you use it. Then the know- 
ledge that you have about gravity will be your very own. 





Problem 1: 
WHAT EFFECTS DOES GRAVITY HAVE? 


OW DO FALLING BODIES ACT? For a long time scientists 

have been trying to find out what gravity is, but 

they cannot yet explain to us what it is. Therefore, when 
we study gravity, we can only study what it does. 

Pick up the nearest book. Hold it out and let go of it. 
You know what will happen without doing the experi- 
ment. You say that any object that is not held in some 
way will fall down to the ground. But which way is 
“down’’? It is always toward the earth. [f you drop an 
object at any place on the earth’s surface, 1t will always 
go down, that is, toward the earth. 

Figure 56 shows what happens when objects are 
dropped at different places around the earth. It is just 
as if the force of gravity were concentrated at the center 
of the earth. Of course, if the wind or something else 
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gives a falling object a push to one side, it does not fall 
straight down. But the pull of gravity is, in most places, 
toward the center of the earth. 

Would you rather have a baseball ee on your 
head from a first-floor window or from a second-floor 
window? Of course, if the ball must hit you, you 
will choose to have gravity pull on it only from the 
lower window to your head. The reason is that 
eravity keeps pulling on things even while they are 
falling. Thus, the longer most things fall, the faster 
they go. The faster they are going when they hit 
you, the harder they strike. | 

But some things do not seem to move faster and 
faster as they fall. For example, leaves, sheets of 
paper, and feathers do not gain speed as they fall. 
The way these things fall makes many people 
think that small things always fall more slowly 
than large ones. But Galileo long ago proved that 
weight makes no difference in how fast objects fall. 
When he dropped a small weight and a large one 
from the top of a tower at the same instant, they 
both reached the ground at the same time. 

G. 

57 Since Galileo’s time scientists have worked out 

another experiment to prove the truth of what 
Galileo discovered. A feather and a piece of lead are put 
in a long tube (Figure 57). All the air is then pumped. out 
of the tube. When the tube is quickly turned upside down, 
the feather falls just as fast as the lead. This experiment 
and many others like it show that the weight of an 
object really does not make any difference in how fast 
gravity makes it fall. The reason that leaves and sheets 
of paper do not gain speed is that the air holds them back. 
The larger the surface of a falling body, the greater the 














Fia. 58. Parachute jumpers use the resistance of the air to help them 
land safely. They allow themselves to fall for a few seconds; then 
they pull a cord that releases the parachute. The surface of the open 
parachute is so great that the resistance of the air slows down the 
speed; therefore, the jumper is not hurt when he reaches the ground. 


resistance of the air to the body. Objects with large sur- 
faces fall more slowly than objects with small surfaces. 

Another interesting experiment that tells us about 
falling bodies is performed by dropping a man-sized 
dummy from an airplane. Motion pictures of the falling 
dummy show that the dummy falls faster and faster 
until it is going at the rate of 120 to 140 miles per hour. 
From this point on, it falls no faster. The reason for this 
is that as the dummy falls faster and faster, the air 
pushes against it harder and harder. You have noticed 
this when you have ridden at high speed in an automobile. 
Finally, the resistance of the air is great enough to over- 
come the pull of gravity; then the dummy can fall no 
faster. 

Here is another interesting problem about the pull of 
gravity. What happens to objects that are thrown out 
parallel to the earth’s surface? Does gravity pull a speed- 
ing rifle bullet down to the earth as quickly as it does a 
bullet that is merely dropped from the end of the gun 
barrel? You can find the answer by doing a rather simple 
experiment. 
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Exprerment 7. How Does Gravity 
Act on Objects That Are Moving Hori- 
zontally2 Construct an apparatus like 

the one shown in Figure 59, and fasten 
or hold it firmly on the end of a table. 
Place two marbles in the apparatus so 
that they are exactly the same dis- 
tance from the floor. 

Have someone strike the end of the 
flexible strip a light blow with a 
hammer, so that one marble is shot 
out horizontally and the other starts 
to fall straight down at the same 
instant. Watch and listen carefully 
so that you will know whether the 

Fic. 59. Experiment 7 two marbles strike the floor at the 
same time. 





Very careful study has shown that the speed at which 
an object is moving horizontally makes no difference in 
the pull of gravity. Two forces are acting on the rifle 
bullet. The explosion of powder in the shell drives the 
bullet. forward. The force of the gravity of the earth 
pulls it downward. The attraction of the earth will cause 
it to gain speed toward the center of the earth at just the 
same rate as if it had been dropped. Thus, a rifle bullet 
shot out parallel to the earth’s surface strikes the ground 
at the same time as it would if dropped straight down 
from the end of the rifle barrel. 

Artillery officers use this knowledge of the force of 
gravity in calculating where the shells of their great guns 
will fall. In addition, they must know how high into the 
air the muzzles of the guns are pointed, how fast the 
shells are going when they leave the guns, and how 
much they are slowed down by air resistance. 
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Self-Testing Exercises 


1. Do objects all over the earth fall in the same direction? 
Explain. 

2. Does a falling stone gain speed as it falls? Explain. 

3. If an object is dropped from a great height, will it con- 
tinue to fall faster and faster as long as it is falling? Explain 
your answer. 

4. Why is a man without a parachute killed when he jumps 
from an airplane, while a man who falls with an open para- 
chute is not injured? 

5. How did Galileo prove that Aristotle was wrong in be- 
heving that a small stone or other object falls more slowly 
than a large one? 

6. Does gravity pull as hard on a moving bullet as it does 
on one that is standing still? 


Problems to Solve 


1. Drop a feather and the lid of a can at the same time. 
Do they both reach the ground at the same time? Now put the 
feather on the lid and drop the lid. What happens? Explain 
the difference in results. 

2. Is the speed of a bullet that is fired straight up in the air 
as great when it strikes the ground 
as when it leaves the gun? Explain. 

3. In building a brick wall, the 
brick layers hang a string with a 
weight on it down the side of the 
wall. This is called a plumb line, 
and it is used to help the brick 
layers keep the bricks in a straight 
vertical line as they place them one 
on another (Figure 60). Explain 
how it works. 

4. How do you think that air 
resistance changes the distance that 
a gun can shoot a bullet? Fic. 60 
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HAT BODIES HAVE GRAVITY? When Sir Isaac Newton 

began his study of gravity and the moon, no one 
knew what made the moon travel in an almost circular 
path around the earth or what made the earth stay in 
its path around the sun. Scientists have discovered that 
any moving body travels in a straight line unless some 
force pushes or pulls it aside. Therefore the moon would 
be expected to shoot on by the earth and off into space. 
Something must make it travel in a curve. Newton was 
able to prove that it is the earth’s gravity that keeps the 
moon from going off into space (Figure 61). 

As a result of Newton’s studies and of many experi- 
ments, we now know that all matter has this mysterious 
ability to pull other matter toward itself. Every tiny bit 
of stone and water on the earth pulls on all the other 
bits. The earth as a whole 
pulls on all materials that 
are on the earth and above 
the earth. In the same way 
the moon, the planets, and. 
the sun pull on each other. 

Scientists call this char- 
acteristic that all matter 
has gravitation or gravita- 
tional attraction. Every body 
of material in the universe 
has gravitational attraction 
for every other body. The 
word gravity is used for the 
pull of the earth on other 
bodies of matter. That is, 
eravity is the gravitational 
Fic. 61 : force of the earth. 
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Scientists have carried out a 
number of experiments to show 
that all things attract each other. 
In one experiment that you can 
easily understand, scientists hung 
two “plumb lines” on opposite 
sides of a mountain (Figure 62). 
Then they carefully studied the 
directions in which the _ lines 
pointed. They found that the lines 
did not point straight toward the _ 
center of the earth. The weights on —_ yor THe ‘EARTH 
the lines were pulled over by the | ; 

ae ; Fia. 62. In this drawing 
material in the mountain, asshown 4, Aliablineeesheen 
in the drawing. The difference in much longer than they 
the direction of the lines was so_ really were, so that you 
small that delicate instruments ©" Understand how the 
; experiment was done. 
were needed to measure It. 

Because he learned that all matter possesses gravita- 
tion, Newton began his statement of the Law of Uni- 
versal Gravitation in this way: Any two objects in the 
universe attract each other. From. this statement and from 
what you have learned in the preceding paragraphs, you 
can see that it is not correct to think only that a brick 
is being pulled by the earth. The brick also pulls on the 
earth. When we “lift” the brick, what we do is to pull 
the earth and the brick apart. 

Let us now see what you have found out that is most 
worth remembering. Think of the last big idea first. 

First, you have learned that all matter attracts all 
other matter. This is another way of saying that all 
matter has weight, as you learned in Book One. This 
characteristic of matter is called gravitation; that. is, 
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scientists say that all matter has gravitation. The earth’s 
gravitational pull on other things is called gravity. 

Second, gravity tends to pull things from all directions 
toward the center of the earth. 

Third, gravity tends to make all objects near the 
earth fall at the same rate. As objects fall, they go faster 
and faster unless air resistance interferes. This air resis- 
tance is greater on things that are falling very fast and on 
things that have a large surface. 


Self-Testing Exercises 


1. (a) Draw a diagram that shows how the moon moves 
around the earth and how gravity keeps the moon in its path. 
(b) Write an explanation of your diagram. | 

9. What is the difference between the meanings of the 
words “gravitation” and “gravity”? 

8 Describe an experiment which shows that the rock of a 
mountain has gravity. 

4. State the first part of the Law of Universal Gravitation. : 

5. Give two ways in which scientists think that gravity 
may have helped form the solar system. (See page 34 if you 
do not remember.) 


Problems to Solve 


1. Give one or more reasons why you do not feel the eravl- 
tational pull of a large building as you walk past it. 

9. How would conditions be different if gravity should stop 
acting? Make a list of the changes you can imagine. 

8. Does the moon pull on the earth? Give reasons for your 
answer. 

4. Draw a diagram to show how the gravity of the sun holds 
the planets in their places. 

5. Draw a diagram to show how Jupiter would change the 
path of the earth when the earth is between Jupiter and the 
sun. : 





Fia. 63. The picture was found on a vase made thousands of years ago. 
It shows an Egyptian king watching the weighing of bags of grain. A 
wooden beam suspended from the middle was probably the first kind 
of scales or balances ever used. 


Problem 2: 
HOW DO WE USE GRAVITY TO MEASURE MATERIALS? 
HAT IS ““wEIGHT’’? For several years you have been 

WV very much interested in the pull of gravity. Every 
time you have stepped on a scales to weigh yourself, 
you have wanted to know how hard gravity was pulling 
on your body. As you grew, your body was adding more 
matter to itself. You found that each year gravity was 
pulling harder on you because there was more of you. 
You described this extra pull by saying that you weighed 
a certain number of pounds more than you did the year 
before. 

But why do we use scales to weigh things, and what do 
we mean when we say that something weighs so many 
pounds or kilograms? When men first began to measure 
amounts of materials, they used a number of different 
ways. One of the most common ways was to use a stone 
of convenient size. If they wanted some wheat, they 
would pour wheat into a basket until the wheat weighed 
as much as the stone. In other words, they compared the 
pull of gravity on the wheat with the pull of gravity on 
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the stone. When the pull was the same, they said that 
they had a “stone” of wheat. In England today it is still 
common to hear people say that a person or an animal 
weighs so many “stone.” A “stone” has come to mean 
fourteen pounds. : 

What you do in weighing, then, is to compare the pull 
of gravity on the piece of matter you want to know about 
with its pull on weights that have a known amount of 
matter. This comparison is made in different ways. 
Scientists use balances with equal arms on the two sides 
of a pivot, or fulcrum, as shown in Figure 64. The object 
or material to be weighed is placed on one side and known 
weights are added to the other side until the two sides 
balance. Then the scientist knows that the amount of 
matter in the object is the same as that of the weights he 
placed on the other side, because the pull ot gravity on 
the two sides is the same. Sometimes grocery stores use 
scales that work the same way. If you buy a pound of — 
meat, the butcher places a pound weight on one side of 
the balance and adds meat to the other side until the ~ 
two sides balance. 

Springs can be used for weighing because, if they are 
not loaded too heavily, they stretch twice as far for two 
pounds of pull as for one, three times as far for three 
pounds, and so on. However, springs can be overstretched 
so that they do not weigh accurately. They also expand 
and contract with changes in temperature. These changes 
make them inaccurate; therefore, in most places it 1s 
against the law to use spring scales or spring balances in 
buying and selling. 

HAT ARE TWO SYSTEMS OF WEIGHING MATTER? When 
VF you weigh yourself, your dog, a bag of sugar, or a 
pail of milk, you want to know how much matter there 





Fic. 64. These finely made scales use the same principle that the 
Egyptians used long ago to measure the pull of gravity on materials. 
Notice the weights for the two balances at the lower right side of 
the picture. (Central Scientific Co.) 


is in the object you are weighing. To do this by using 
gravity, you must have some standard amount of matter 
to compare with. When people first began to weigh 
things, they used many different standards, like the stone 
you read about on page 81. But at last they came to see 
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Fic. 65. These are the two standard kilograms kept at the Bureau of 
Standards, in Washington, D. C. They are 90 per cent platinum and 
10 per cent iridium. These metals will not rust. 


that they must have standards that meant the same to 
everyone. 

The standard unit of matter is a piece of metal kept in 
the International Bureau of Weights and Measures at 
Sévres, France. It is a solid cylinder made of platinum 
and iridium. Two very accurate copies of it are kept at 
the Bureau of Standards in Washington, D.C. All the 
important nations of the world have agreed that this 
weight shall be the standard for measuring the amount 
of matter in things. This standard of weight is called one 
kilogram. A pound is .45359 of a kilogram; that is, a 
pound is little less than one-half a kilogram. Now let 
us see how the kilogram is used. 

Two systems of weights are commonly used in scientific 
work and in buying and selling materials. One system 
is based on the kilogram; the other is based on the pound. 
The system based on the kilogram is called the metric 
system. This is used by scientists everywhere and_ for 
trade in most countries except the British Empire and 
the United States. The system based on the pound 1s 
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called the English system, and is commonly used in Eng- 
lish-speaking countries. Some common units of the metric 
system of weights and their equivalents in the English 
system are shown in Table 2. 

The metric system is a decimal system, like our money 
system; that is, the different weights are ten, one hun- 
dred, or one thousand times each other. In the table 
below, each weight given is 1000 times the preceding 
weight. Other units, less frequently used, are ten and 
one hundred times the milligram and gram. Changing 
kilograms to metric tons or to grams Is just as easy as 
changing dollars to cents. All you need to do 1s to move 
the decimal point the correct number of places. For ex- 
ample, 1260 grams is 1.26 kilograms. In the English 
system you must divide the number of ounces by sixteen 
to find the number of pounds. To find the number of 
tons you must divide the number of pounds by 2000. 


TABLE 2. Merric Units or Mass anp THEIR 
PrRactTicaAL ENGLISH EQUIVALENTS 











1/o, ounce 
2.2 pounds 
2204.6 pounds 


1 gram (g.) 
1 kilogram (kg.) 
1 metric ton 


1000 milligrams 
1000 grams 
1000 kilograms 


(PS Beal 
tou ll 








HAT IS THE DENSITY OF A MATERIAL? Has anyone 
\¢ ever asked you this question, ““Which is heavier, 
two pounds of feathers or a pound of lead?” This question 
confuses many people for a moment because we have 
two meanings for the word “heavy.’’ You are correct 
when you say that two pounds of feathers are heavier 
than a pound of lead. You are also correct when you say 
that lead is heavier than feathers. To avoid confusion of 
this kind in thinking about the pull of gravity on mate- 
rials, scientists use a word that is helpful to all of us. 
That word is density. 





Fic. 66. You can easily carry a cubic foot of cork under your arm, and 
you can just about lift a cubic foot of ice. But you cannot budge a 
cubic foot of iron. 


The density of any substance is the amount of matter 
of that substance in a certain space. For example, the 
density of cork is 15.6 pounds per cubic foot, that of 
water is 62.4 pounds per cubic foot, and that of lead 1s 
705 pounds per cubic foot. Notice that in thinking about 
density, you have to think about space, too. Density 
tells you how much matter will go into a certain amount 
of space. A box with one cubic foot of space in it will 
hold over 700 pounds of lead, but only about fifteen . 
pounds of cork. Lead is a much denser material than 
cork. Liquids also have different densities. A cubic foot 
of space holds 62.4 pounds of water, about 42 pounds of 
gasoline, and 849 pounds of mercury. 

Now if you have really understood the explanation, 
your answer to the catch question will be, “Lead is 
denser than feathers, if that is what you mean.” And you 
will not be fooled if someone says: “‘Which is heavier, 
a pound of cheese with holes in it or a pound of cheese 
without holes in it?” 


Self-Testing Exercises 


1. Explain how gravity is used to measure matter. 
2. Give one reason why it is often against the law to use 
spring scales. 
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3. (a) What is the metric system of weights? (b) Who uses 
it? (c) Give one advantage it has over the English system. 

4. What is the standard unit of matter for the world? 

5. What does the word density mean? Give the density of 
water and of one other substance as examples. 


Problems to Solve 


1. How many kilograms do you weigh? 

2. About how many grams are there in a pound of sugar? 

3. Examine several different scales or balances used for 
weighing things. Try to see how each kind works. If at all 
possible, make diagrams of the working parts to show how they 
compare the pull of gravity on a known weight with that on an 
unknown amount of matter. 

4. Find in a reference book a table of densities and get the 
densities of some common materials. Make a list, beginning 
with the material of greatest density. 

5. Find the density of water in the metric system. Can you 
think of any advantage in having the density such a convenient 
number? 

6. Plan a way to find the density of a block of wood or 
stone. If possible, try your plan. 





Fic. 67. The pull of gravity on a gallon of liquid depends on what 
kind of liquid it is. 





Fic. 68. As gravity pulls the water in streams down toward lakes 
and oceans, we place dams in the way of the water and use the force 
of the falling water to turn water-wheels. The water-wheels generate 
electricity for us. 


Problem 3: 
HOW DOES GRAVITY AFFECT LIQUIDS? 

OW DOES GRAVITY CAUSE PRESSURE IN LIQUIDS? 

You have learned many things about how gravity 

affects solid materials. You know that it pulls them all 
toward the center of the earth. You also know that gravity 
pulls on liquids just as it pulls on solids. Gravity makes 
rain (liquid water) fall to the ground and causes some of 
it to sink into the soil and enter wells. Some of it is pulled 
downhill in streams. 

Everyone who has dived deep into a swimming-pool 
has felt the water pressing on his body. This pressure is 
caused by the pull of gravity on the water. You can show 
that there is pressure below the surface of liquids and can 
see how it works by a very simple experiment. 


EXPERIMENT 8. In What Direction Does Water Exert Force? 
With a medium-sized nail and a hammer punch a hole from 
the inside out near the bottom of a tin can or bucket at least 
one foot deep. Put a wooden plug in the hole while you fill the 
can half full of water. Remove the plug from the hole and 
watch what the water does. In which direction does the water 
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move as it comes through the hole? In which direction must 
the water inside the can be pressing? 

Close the hole again. Which way would the water move 
through a hole in the bottom of the can? Get a second can that 
will go inside the first one and punch a hole in the bottom of 
the smaller can. Press the smaller can down into the water in 
the large can. Which way does the water move through the 
hole in the small can? In what directions is the water in the 
large can pushing at that point? 


Your experiment shows, in the 
first place, that water inside a 
can pushes on the sides of the 
can. Of course you know that it 
also pushes against the bottom 
of the can. When you pushed the 
small can down into the water, 
you found that the water squirt- 
ed straight upward through the 
hole in the bottom. This shows 
that the water at any point be- Fria. 69. When a pail with 
neath the surface pushes up as_ holes is filled with water, 

: water will pour out through 
well as down and sideways. Do oy, hole. 
you see, now, that the water 
beneath the surface of the water pushes in all directions? 

From the same point water will run out through a hole 
in the bottom of a can, squirt out through a hole in the 
side, or run upward into another can. Careful measure- 
ments show that the water at any point pushes up and 
down and sideways with equal force. If it were not so, 
the water inside the can would move up or down or 
sideways in the direction of the least force. 

This force inside the water is caused by the pull of 
gravity on the water. If there are ten pounds of water in 








Fic. 70. Dr. William Beebe’s steel sphere, called a bathysphere, is 
being lowered into the water with Dr. Beebe and his assistant inside. 
On the left side of the bathysphere are some of the windows. 


a pail, the water is pushing down on the bottom of the 
pail with a force of ten pounds. Each tiny part of the 
bottom of the pail has to hold back its share of the force 
to keep the water in the pail. When a little piece of the 
bottom or side is removed, the water comes pouring out 
of the pail. 
HAT IS THE RELATION OF PRESSURE TO DEPTH IN 
\¢ Liquips? A diver in an ordinary diving suit has 
gone down into the water about 400 feet. To go much 
deeper the diver must get into a strong metal armor 
that is very heavy and clumsy. Dr. William Beebe used 
a steel sphere with walls one and one-half inches thick 
and windows three inches thick. In this ball he was 
lowered 3000 feet below the surface of the water. Why is 
so much protection needed when men go down deep into 
water? You can begin to learn the reason by doing a 
simple experiment. 
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EXPERIMENT 9. How Does the Pressure of Water Change with 
the Depth? Punch two more holes outward in the side of the 
larger can used for Experiment 8. Use the same nail, and punch 
the holes directly above the hole you first made. Punch one 
hole about four inches from the top and the other halfway 
between the first two. Stop the holes with plugs and fill the 
can with water. 

Raise the can some distance from the floor and remove all 
three plugs. Notice the force with which the water comes 
through each of the three holes. Try to write an answer to 
the problem of this experiment. 


If you did the experiment carefully, you noticed that 
the water squirted out of the lowest hole with greatest 
force and out of the highest hole with the least force. 
To explain why water acts in this way, imagine that you 
have a deep rectangular can. The bottom is one foot 
square. Pour in water until it stands one foot deep. Since 
the can is one foot square, it con- 
tains one cubic foot of water. One 
cubic foot of water weighs 62.4 
pounds. Therefore the bottom of 
the can must be holding up 62.4 
pounds of water; that is, the pres- 
sure at the bottom is 62.4 pounds 
on one square foot. The pressure 
on the bottom of any can, pail, or 
tank is 62.4 pounds per square foot 
when the water is one foot deep. 
Therefore in any pool, pond, or lake 
the pressure of the water one foot 
below the surface is 62.4 pounds 





Fic. 71. The deeper water 
per square foot, or .43 pounds per becomes, the greater its 


square inch (62.4 divided by 144). _ pressure is. 
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Fi1q. 72. The shape or size of a container does not change the pressure 
of water per square inch. 


Now suppose that you pour another cubic foot of water 
into your can. The depth of the water 1s now two feet, 
and the pressure on the bottom is 124.8 pounds on one 
square foot. Pour in another cubic foot, and the pressure 
on the bottom becomes 187.2 pounds per square foot. 
One foot from the top of the water the pressure 1s 62.4 per 
square foot; two feet down it is 124.8 pounds. You see 
that the deeper the water, the greater its pressure. 

Some people think that the shape of a tank makes a _ 
difference in the force per square inch at the bottom. 
That idea is shown to be wrong when we make careful 
measurements. The pressure of water at any point below 
the surface is always equal to the weight of the water 
above that point (Figure 72). For example, if water is 10 
feet deep in a tank, the pressure is 624 pounds per square 
foot no matter what the shape or size of the tank. Of 
course, if the tank is filled ten feet deep with oil, the pres- 
sure at the bottom will be less because oil is less dense 
than water. 

The old saying, “Water seeks its own level,” is true 
because of the principle you have just learned. If a tank 
is connected to a pipe of any shape, the water in the 
pipe rises until it is level with the water in the tank 
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(Figure 73). Then the pressure from the water in the tank 
is equal to the pressure from the water in the pipe. If 
more water is put in either side, the depth becomes greater. 
The increased pressure on that side sends water into the 
other side until the two are equal again. 


Self-Testing Exercises 


1. Why is there pressure below the surface of any liquid? 

2. Water squirts up through a hole in the bottom of a can 
when it is pushed into some water. What does this show about 
pressure in the water? 

3. Explain why the pressure gets greater as a person goes 
deeper in water. 


Problems to Solve 


1. A dam similar to the one in Figure 75, page 95, holds back 
a lake thirty miles long. Another dam of the same height holds 
back a lake only one-half mile long. How does the pressure at 
the bottom of the first dam compare with that at the bottom 
of the second? Give the reasons for your answer. 

2. There are places in the oceans where the water is more 
than six miles deep. No submarine has ever explored these 
“deeps.”> Why not? 





Fic. 73. The water in connected pipes stands at the same level. 
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3. Find the pressure in pounds per square inch on the bottom 
of tanks in which the water is (a) one foot deep, (6) three feet 
deep, (c) ninety feet deep. 

4. The density of sea water averages about 64.75 pounds 
per cubic foot. Find the pressure in pounds per square inch 
on William Beebe’s bathysphere (Figure 70) when it was 
lowered 3028 feet into the ocean in August, 1934. 

5. One of the quartz windows of the bathysphere exposed 
about 28 square inches to the water. How many tons of force 
were pressing in on the window at the 3028-foot depth? 

6. Figure 74 shows the geological structure that makes 
artesian, or flowing, wells possible. Explain why the water flows. 
out of the mouth of the well without being pumped. — 

OW IS GRAVITY USED IN WATER- SUPPLY SYSTEMS? 

Whenever we can, we like to have water brought to 

our homes under pressure. This pressure makes it run 

out through the faucets and hose nozzles. Gravity 1s 

used in many water-supply systems to produce the 
needed pressure. 





Fic. 74. Note that the source of the water from an artesian well may 
be a thousand miles from the well. Impervious rock is rock through 
which water cannot pass. 








Fia. 75. Croton Dam, which makes one of New York’s water-supply 
reservoirs, is 297 feet high and 1168 feet long at the top. Where is the 
dam thickest? Why is that part made thicker than the rest of the dam? 
(Ewing Galloway, N. Y.) 

The simplest kind of gravity-pressure system has a 
water reservoir high up in hills or mountains. Often this 
reservoir 1s made by building a dam across the valley of a 
stream, as:shown in Figure 75. Water from the artificial 
lake behind the dam runs into pipes leading down to the 
city. When little water is being used, each foot of water 
above a faucet causes a pressure of .43 pounds per square 
inch. If the water in a reservoir is 100 feet above a faucet, 
the pressure will be about 43 pounds per square inch. This 
is about the amount of pressure usually desired in city 
water systems. 

If water is running through the pipes rapidly, the pres- 
sure is less. It is less because the water is held back a 
little by friction between the water and the pipes through 
which it is running. Thus the water cannot get to the 
faucet fast enough to keep the pressure as high as it is 
when the water is standing still. 

New York and Los Angeles are two large cities that 
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Fic. 76. During part of its journey down from the high Sierras, the 
water supply for Los Angeles travels through huge pipes. Part of the 
way it travels through open ditches. 


vet most of their water from reservoirs high above the 
faucets. As New York has grown larger, more and more 
water has been needed. Therefore, the people were forced 
to go farther and farther from the city to find places for 
reservoirs. Some of the water used in the homes of the 
city is brought (by gravity) through pipe lines and tun- 
nels that are 127 miles long. On its way it passes through 
hills and under rivers. Water from one reservoir is poured 
out into another reservoir lower down, until it is near 
the city. Then it enters the tunnels and pipes that run 
under the streets. 

Since 1913 Los Angeles has secured water from Owens 
River, 250 miles away in the Sierra Nevada Mountains. 
The intake is 3000 feet above Los Angeles. If the water 
were brought directly to the city in closed pipes from 
that great height, the pressure would at times be as 
much as 1300 pounds per square inch. This pressure would 
be much too great for the water pipes to hold. The energy 
the water has because it is so high is used to run water- 
wheels and generate electric current at five power plants 
on the way down. At each power plant the water turns 
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water-wheels and then runs out into 
a reservoir much lower than the one 
before. From that reservoir the water 
flows down to the next power-house. 
The different reservoirs hold enough 
water to last Los Angeles for a year. 

In many water-supply systems, pumps 
and gravity are used together to keep 
up the pressure. In farm homes a tank 
is often placed in a tower or in the attic. 
A pump operated by a windmill or a 
gasoline engine fills the tank. From the 
tank the water enters the water system. 
Gravity causes enough pressure to meet 
the needs of the users. As you already 
know, the tank must be above all the 
faucets where the water is to be used. 

In city water systems standpipes, 
or water towers, are often connected 
directly to the water pipes from the 
pumps. The pumps take the water from 
wells or streams and force it into the 
pipes. During the night when people 
are using little water, a fresh supply 
of water is forced up into the stand- 
pipe, or tower. Then, during the day, 
when the water is being used rapidly, 
gravity forces this water out and helps 





Fic. 77. This wind- 


mill pumps water 
up into the tank 
high above the 
house. Gravity pulls 
the water down into 
the pipes in the 
house. 


the pumps keep up the pressure. These towers can often 
be seen in small towns, where they stand high above the 


buildings. 


Gravity has still another important effect in all water 
systems. Because of the pull of gravity on the water in the 
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Fic. 78. Gravity may bring water right into our homes and at the 
same time run machinery that makes electricity to light our homes. 


pipes, there is always a greater pressure at faucets on the 
first floor of a building than at faucets higher up. For the 
same reason, if all the faucets in a skyscraper are con- 
nected to one pipe, the pressure on the lower floors would 
be over 300 pounds per square inch when the pipe is full. 
This pressure is much too high for ordinary faucets and 
other fixtures. To avoid this trouble the builders of sky- 
scrapers install a supply tank for each ten floors. Water 
runs from each tank by gravity to the ten floors below it. 
All the tanks are filled by pumps in the basement. In 
this way there is enough pressure on all floors but not 
too much anywhere. 


Self-Testing Exercises 

1. Draw a simple diagram to show how gravity can be used 
to send water (under pressure) into a home or city. 

2. Tell how New York City or Los Angeles gets large 
amounts of water for city use. 

3. Draw a diagram to show how pumps and gravity are 
sometimes used together to supply homes with water. 

4. Why does water not run from a fourth-floor faucet as 
fast as it does from a faucet on the first floor of a building? 

5. Why does a skyscraper need several separate water 
supply systems? 
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Problems to Solve 

1. Why should the lower part of a standpipe 
(Figure 79) be stronger than the upper part? 

2. Would a city-water system gain more 
pressure from a water tank of the shape shown 
in Figure 79 or from one of the type shown 
in Figure 80? (In both tanks the water-level 
would be 100 feet above the faucet where the 
pressure is measured.) 

3. The pressure in a certain city water sys- 
tem is kept about 40 pounds per square inch 
at the surface of the ground. How high can 
a builder place faucets in a new building and 
still use the city water pressure to force water 
through them? 

4. We must know two facts to calculate the 
pressure on a square foot of the bottom of a 
tank of oil. What are these two facts? 

5. If your school is located in a town that 
has a water system, find how the pressure is 
kept up. Make a labeled diagram to show the 
arrangement. 





water to buildings 





BiG oo Unis 
water tower at 
Spartanburg, 
South Carolina, 
is one of the 
largest in the 
United States. It 
holds 1,500,000 
gallons of water. 
(Ewing Gallo- 
way, N. Y.) 


are used to supply 
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Fic. 81. A U-shaped tube with mercury attached to a vacuum pump 


Problem 4: 
HOW DO WE USE THE PRESSURE OF THE ATMOSPHERE? 


OW DO WE KNOW THAT THE ATMOSPHERE HAS PRES- 
H suRE? At some time or other you have used what 
we call “suction.’’ You “suck” up milk and soda-water 
through straws, and pumps “suck” up water. Medicine 
droppers and fountain-pens are all filled by suction. You 
usually think that air, water, and other materials are 
‘pulled’ into places from which everything, including 
the air, has been removed, that is, into a vacuum. 

In olden times people were sure that the suction was 
caused by a pull from the inside of empty spaces. Even 
the best of scientists in those days did not know what 
you already know—that air is pulled downward by 
eravity just as liquids and solids are. Se,of course they 
did not know that it is really the force of gravity that 
pushes things into an empty space. 

Here is an experiment that you can imagine to help 
you understand what suction really is. You will probably 
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need to imagine the ex- 
periment because it re- 
quires a more perfect air 
pump than most schools 
can have. If you have a 
very good air pump in 
your school, you can ac- 
tually do the experiment 
instead of imagining it. 
To begin your experi- 
ment you will need a U- 
shaped glass tube about 
50 inches long. Fasten the 
U-shaped tube in an up- 
right position and pour in 
mercury until it stands about twenty inches deep in each 
side of the tube. This liquid metal, as you know, Is very 
dense. A cubic inch of it weighs .49 pound, which is 
13.6 times as much as a cubic inch of water weighs. 
Now attach a thick rubber tube to one end of the 
U-tube. Put the open end of the rubber tube in your 
mouth and ‘“‘suck’? some of the air out. Can you guess 
what happens? The mercury rises a few inches in that 
side of the U-tube, but you cannot make it go up more 
than twelve inches (Figure 82). Try blowing instead of 
sucking, and you will find that you can blow the mercury 
up only about six inches above that on the other side. 
Now attach the end of the rubber tube to an efficient 
vacuum pump instead of putting it in your mouth. As 
the pump removes more and more of the air from the 
tube, the mercury rises into the vacuum, rapidly at first, 
and then more and more slowly. Soon it comes to a stand- 
still about thirty inches above the mercury in the other 
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Fic. 82 


side of the tube. No matter how long 
the pump runs, the mercury will not go 
higher. The pump has removed prac- 
tically all the air from the tube; yet 
the “‘suction”’ apparently stops when 
the mercury reaches a height of about 
thirty inches. If you take a shorter 
tube, not less than thirty inches, or 
a longer one, the mercury will rise to 
the same height. If you pump the 
air from a straight tube that has the 
open end in a dish of mercury, the 
mercury will stop rising at the same 
height. 

Let us continue the experiment. Take 
a Bunsen burner and melt the glass tube 
just below the rubber tube that goes to 
Fic. 83 the vacuum pump. This will seal the tube 

so that no air can get back in. While it" 
is still soft, pull off the useless upper end of the tube that 
is still connected with the pump (Figure 83). Each day 
measure the height of the mercury in the closed side of 
the tube. You find that the mercury moves up and down. 
On clear, cool days it is high. On warm, rainy days it 
is about an inch lower. 

If you carry the U-tube up in the elevator of a high 
building, the mercury sinks in the closed side of the tube. 
As the elevator goes down, the mercury rises again. 
Surely there can be nothing in the vacuum that changes 
as you go up and down. The only satisfactory explanation 
of how the mercury acts is that the air pushing down in 
the open side of the U-tube holds the mercury up in the 
closed side. 
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Now, if you will think of the deep 
ocean of air in which you live, you can 
see why air has pressure enough to push 
the mercury up thirty inches although 
you can blow it up only about six 
inches. This ocean of air is certainly 
more than seventy-five miles deep. And 
gravity is pulling down on every cubic 
foot of air in that seventy-five miles! 
Even though the density of air seems 
very little to us, there is enough air 
straight above the open side of the U- 
tube to weigh as much as thirty inches 
of mercury in the closed side. The 
weight of the air above the open tube 
balances the weight of the mercury. 

OW CAN WE MEASURE THE PRESSURE OF THE AT- 
MOSPHERE? What you really have in your U-tube 
is a kind of automatic balance for weighing the air that 
is pressing into the open end. It is an instrument called 
a mercury barometer (pressure measurer). Of course, 
barometers that are sold by instrument companies are 
more carefully made (Figure 84), but they are only a little 
more accurate. 

Mercury barometers are quite inconvenient to carry 
around; so inventors have devised a more convenient 

__instrument called the aneroid (without liquid) barometer. 
The-aneroid barometer is shaped much like an alarm 
clock (Figure 85). Inside the case is a cookie-shaped metal 
box with circular ridges on it. This metal box has had the 
air pumped out and has been sealed air-tight. A strong 
spring keeps it from being crushed by the atmosphere. 
As the air pressure changes, the sides of the vacuum box 
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Fia. 84 





Fic. 85. The case and the inside of an aneroid barometer 


move in or out. This motion of the sides of the box is 
carried to a pointer that moves back and forth around 
the face of the instrument. | 
Barometers are used by weather observers and by 
many other scientists who need to measure the pressure 
of the atmosphere. Mercury barometers are the most 
accurate kind, but some aneroid barometers are so 
sensitive that they show a change in air pressure when 
moved from the floor to a table. They are used by sur- 
veyors and mountain climbers to measure changes in 
height above sea level. The altimeter, by which an aviator 
tells how high he is flying, is an aneroid barometer espe- 
cially made for that purpose. 
HY IS THE AIR PRESSURE DIFFERENT AT DIFFERENT 
\¢ HEIGHTS? In your imaginary experiment you noticed 
that the air pressure changed as you carried your barom- 
eter up and down in an elevator. Do you see why the 
air pressure changes? It changes because you are moving 
up and down through the air. In the can of water (page 
91) you found that as the water got deeper, the pressure 
became greater. The same thing is true of the atmosphere. 
When you go up high, you have less air above you, and 
the pressure is less. When you go down low, you have 
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more air above you, and gravity makes the air press 
down harder on you. 

Barometers carried to high altitudes fall to a reading of 
fifteen inches at a height of about three and one-half 
miles. This means that half of all the air in the atmosphere 
is within three and one-half miles of sea-level, although 
the atmosphere extends upward more than seventy-five 
— miles. Most of the air is close to the earth’s surface because 
air is easily compressed. The upper layers press down on 
those below and force the molecules more closely together. 
Ninety-five per cent of all the air is below a height of 
about thirteen miles. 

Because the air is quite dense near the surface of the 
earth and thins out rapidly as one goes higher, flyers and 
‘mountain climbers have trouble reaching great heights. 
They cannot get enough air in their lungs to provide 
their bodies with the necessary amount of oxygen. Any 
climber who gets near the top of Mt. Everest, the highest 
mountain in the world, gets less than one-third as much 
air in his lungs with each breath as he does at sea-level. 
For this reason the men who try to climb this great 
mountain carry tanks of compressed oxygen to breathe 
when they near the top. 

OW HARD DOES GRAVITY MAKE AIR PRESS ON THINGS? 
You were born, you have grown up, and you have 
always lived at the bottom of the ocean of air that sur- 
rounds the earth. Your body has grown under the pres- 
sure of the air and has adjusted itself inside and outside 
so that you do not feel the pressure. Some simple experl- 
ments will show that air really exerts a great force on 
you and on everything around you. 

EXPERIMENT 10. What Will the Pressure of the Atmosphere 

Do to an Empty Can? Put about an inch of water in a common 
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varnish can. Have a stopper ready to close the can air-tight. 
Heat the can until steam has come out of the opening for 
at least five minutes. The steam drives most of the air out of 
the can. 

Remove the can from the heat, and, as quickly as possible, 
close the hole in the can air-tight. Pour cold water over the can 
to change the steam back into water. 
Explain what happens to the sides of 
the can. 


One famous experiment is done 
with two metal half spheres, or 
hemispheres, which are now 
known as Magdeburg hemispheres 
(Figures 86 and 87). If you have 
a pair of these hemispheres in your 
classroom, you will want to see 

* how they are used. 





Fic. 86 


EXPERIMENT 11. How Do Magdeburg Hemispheres Act When — 
the Air Is Pumped Out of Them? Examine the two hemispheres. 
Notice how they fit together perfectly at the edges. Notice the 
opening where the air can be pumped out of the joined hemi- 
spheres. 

a) Press the hemispheres together tightly and see how easily 
they can be pulled apart. 

b) Put them together again, and with your mouth suck as 
much of the air out as you can. Then see how much force is 
needed to pull them apart. 

c) Repeat the experiment, using a vacuum pump to remove 
the air from inside the hemispheres. 


To find out how great the pressure of the atmosphere is, 
think for a moment about the experiment with the air- 
pump and mercury in the U-tube. When the pump had 
removed the air from the tube, gravity was pulling the 
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Fia. 87. The experiment with the hemispheres was first done in 1650 
at Magdeburg, Germany, by*a scientist named Otto von Guericke. 
In one experiment his hemispheres were only twenty-two inches in 
diameter, but it took eight horses hitched to each hemisphere to pull 
them apart. 


mercury downward in the vacuum side of the tube just 
as hard as it was pulling the air down in the open side. 
If you can find how much pressure thirty inches of mer- 
cury has, you will know how hard the air is pressing on 
the earth. 

One cubic inch of mercury weighs .49 pounds. Thirty 
cubic inches piled on top of one another would press 
down with a force of 30.49, or 14.7 pounds. Thus, when 
the mercury in the closed side of the tube stands 30 inches 
above that in the open side, the air pressure is almost 15 
pounds on every square inch of surface! Perhaps this 
may not seem to be a very heavy pressure. But think for 
a moment about the varnish can in Experiment 10. 

A one-gallon varnish can is six inches wide and nine 
inches high. In one side there are fifty-four square inches 
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of surface. If the vacuum inside were perfect, each square 
inch would be pressed in with a force of almost fifteen 
pounds. Fifty-four times fifteen pounds is 810 pounds! 
When all the air is taken out of the can, the air is pressing 
against one side alone with a force of 810 pounds. On all 
four sides and the top the force of the air is 3780 pounds. 
No wonder, then, that the can was crushed! 

In the famous experiment at Magdeburg (Figure 87) 
the teams of horses had to overcome a force of more 
than 5000 pounds on each hemisphere. On an ordinary 
window the air pushes with a force of from five to ten 
tons. The window does not break because the air is 
pressing with equal force on both sides. During high 
winds many windows are broken when the wind causes 
a slight difference in pressure of one side of the glass. 

It seems quite surprising that such a light material as 
air can exert such a great pressure. But another little 
arithmetic problem will help you to see why the air can 
exert a great pressure. A cubic foot of air weighs about 
1.2 ounces. A classroom 27 feet X 20 feet X 10 feet con- 
tains 5400 cubic feet of air. This would weigh 6480 
ounces, or 405 pounds. A medium-sized auditorium con- 
tains more than a ton of air. When you remember that 
the earth is surrounded with a layer of air that is measured 
in miles instead of feet, you can easily see why this air 
presses with a great force on everything about us. 
Self-Testing Exercises 

1. What causes the mercury to go up in the side of a U-tube 
from which a vacuum pump has removed the air? 

2. When a barometer is carried to the top of a tall building, 
does the mercury go up or down in the “‘vacuum side”? Why? 

3. Describe two experiments which show that the atmos- 
phere is pushing against things around us with a great force. 
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4. About how hard does the atmosphere push on a square 
inch of surface where you live? How is this force measured? 

5. (a) What is an aneroid barometer? How does it work? 
(b) What advantages has an aneroid barometer over one that 
uses mercury? 

6. What is an altimeter? 

7. Why is the air at sea- 
level closely pressed to- 
gether? 

8. Why is it hard to get 
enough air to breathe at 
the top of a high moun- 
tain? 


Problems to Solve 


1. In what way do you 
think the action of the 
mercury in the U-tube 
would be different if its 
rise were caused by a pull 
from the vacuum? Think 
first of exactly how the 
mercury acts: (1) It rises 





Fic. 88. An aviator with his oxygen 
MiLOnCnewtuve- 2 )eltistops' mask and tank 


rising at a certain height 

regardless of the length of the tube. (3) It moves slowly 
up and down as the air pressure changes. (4) It moves down 
as it is carried to higher levels and up again when it is returned 
to lower levels. 


2. The face of an ordinary aneroid barometer (Figure 85) 
has numbers from twenty-six to thirty-one “‘inches.’”? What do 
these numbers mean? 

3. Mercury is 13.6 times as dense as water. How high would 
atmospheric pressure push water into a vacuum when it 
pushes mercury 30 inches? 

4. What is the usual barometer reading in centimeters? 
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5. How many tons of air are there over a city lot 40 ft. x 
125 ft. when the barometer stands at 30 inches? 

6. How many tons of air are there over a city lot 40 ft. x 
125 ft. when the barometer stands at 29 inches? 

7. How is the action of the mercury in a mercury barometer 
different from that in a mercury thermometer? 

8. How would the reading of a mercury barometer change 
if a little air should get into the space above the mercury? 
Explain why. 

9. Will a mercury barometer indicate the correct air pres- 
sure if the tube is crooked or of uneven diameter? Give the 
reason for your answer. i 

10. What is the total force of the atmospheric pressure on 
the outside of a man’s body if the area of the surface of his 
body is 18 square feet? 


OW DO WE USE ATMOSPHERIC PRESSURE? A great many 
H everyday devices use atmospheric pressure. Let us 
see how some of these are constructed to make use of 
the pressure of the atmosphere. 


EXPERIMENT 12. How Does a Suction Cup Use Atmospheric 
Pressure? Obtain a rubber sink pump or “plumber’s friend,” 
used to open up clogged sink pipes. Wet the edge of the rubber 
and press it tight against a smooth surface, such as a polished 
table top, a sheet of glass, or a slate blackboard. (Be careful 
not to break a window or blackboard in this experiment.) 
Some of the air inside the rubber cup is forced out under the 
edge of the rubber as you push on it. Now pull straight up or 
out on the handle. Explain why the rubber holds so tightly to 
the smooth surface. 


ExPERIMENT 13. How Does a Medicine Dropper Use At- 
mospheric Pressure? Place the tip of a medicine dropper 
beneath the surface of the water in a tumbler. Press the rubber 
bulb of the dropper and then release it. Why does the water go 
into the dropper? 
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Fic. 89. How a sink pump is used for Experiment 12 


The first step in using atmospheric pressure in any 
device is to make the air pressure less inside a closed space. 
When this is done, the weight of the atmosphere tends to 
force air or some other material into the closed space. 
This makes the device work as we want it to work. 

You already know that air is composed of molecules 
that are moving at great speed. You also know that a 
football gets harder and harder as it is pumped up with 
air. Inside the football the molecules are striking the 
walls of the ball. Each molecule that strikes the wall 
gives the wall a little push. Since millions of molecules 
are striking the walls each second, you can see that the 
total outward push will be very great. The pressure of 
air in a football is, therefore, caused by the bombard- 
ment of molecules that push against the walls. To de- 
crease the pressure of a gas inside a closed space, it is 
necessary to reduce the number of molecules that strike 
the sides every second. 





Fra. 90. These are some of the everyday uses we make of air pressure. 


There are three ways to make fewer molecules strike 
the sides each second: (1) We can take out some of the 
gas. (2) We can enlarge the space. (3) We can cool the 
gas. Each of these three changes lowers the pressure in a 
closed space. This lowering of pressure inside a closed 
space is commonly called “creating a vacuum.” (As you 
can see, there would not be a perfect vacuum unless all 


the molecules of gas were taken out. What is really pro- 


duced, therefore, is a partial vacuum.) 


In the case of the rubber “suction” cup in Experiment. 


12, you pushed some of the air out when you pressed it 
against the smooth surface. Then, when the cup was 
pulled back to its natural shape, there was less air to fill 
the space. This made a low pressure inside, while on the 
outside the full pressure of the atmosphere pressed against 
the cup. Since the air pressure is greater on the outside 
of the cup than on the inside, the cup was pressed, or 
held, against the smooth surface. 

Ash trays and coat hooks are sometimes attached to 
automobile windows by the use of suction disks that 
work in this way. When the plumber uses the suction 
cup, he uses it to form a partial vacuum in the upper 
part of a sink pipe. Atmospheric pressure in the lower 
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Fia. 91 Fia. 92 Fig. 93 
Figure 91 shows a common lift pump; Figure 92 shows a force pump; 
and Figure 93 is a double-acting force pump. Tell how the valves 
work and how the water moves, (a) when the pump handle is pulled 
up, and (b) when the pump handle is pushed down. How does the 
double-acting force pump work, (a) when the piston moves to the 
right, and (b) when it moves to the left? 


part of the pipe then pushes the water and dirt from the 
pipe up toward the sink. 

Squeezing the bulb of the medicine dropper pressed air 
out of it. When the bulb sprang back to its natural shape 
again, the small amount of air left in it had a larger space 
to expand in; therefore it exerted a lower pressure. The 
pressure of the atmosphere on the surface of the water 
then forced the water up into the dropper. | 

Pumps that are placed above the water work in prac- 
tically the same way as the medicine dropper. In the 
ordinary lift pump (Figure 91) the piston removes the 
air from the cylinder as it goes upward. The air in the 
pipe below expands into the cylinder through Valve 1. 
A valve of this kind is a little trap door that lets air or 
water go up but not down. When the piston starts down- 
ward, Valve 1 closes and keeps the air that has gone into 
the cylinder from getting back into the pipe. As the air 
in the cylinder is compressed by the piston, it pushes 
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ELECTRIC 


IMPELLER MOTOR_— 


Fic. 94. A small centrifugal pump with the electric motor that runs it 


Valve 2 open and escapes. More and more air is removed 
from the pipe by the pump as the piston goes up and 
down. | 

As the pressure inside the pipe decreases, the atmo- 
spheric pressure on the water in the well forces the water 
higher and higher into the pipe. Finally the water reaches 
the cylinder of the pump and is lifted out by the piston — 
in the same way the air was removed at first. All such 
pumps work by removing the air from the inside of the 
pump so that atmospheric pressure will push the water 
into them. Then the piston pushes or lifts the water out 
of the spout. Sometimes the piston and valves of a pump 
become so worn that the pump is no longer air-tight. 
Then water is poured in to fill the cracks so that the air 
can be removed from the pipe. This is called priming 
the pump. 

In the days of Galileo a nobleman had a pump put in 
a well that was more than forty feet deep. He was much 
disappointed when the pump would not deliver any water, 
although it was in good working order. Can you explain 
why water from the well did not reach the pump? 

Think of the experiment in which all the air was pumped 
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out of the tube above the mercury (page 101). Atmos- 
pheric pressure would push the mercury up only about 
thirty inches. No amount of pumping would cause it 
to go higher. Atmospheric pressure can push water 13.6 
times as high as it can push mercury. In other words, 
atmospheric pressure will force water up about thirty- 
four feet into a perfect vacuum. Even a perfect pump will 
not work if its cylinder is more than about thirty-four 
feet above the water that it is to pump. As a rule, pump 
cylinders are not set more than twenty-five feet above the 
water. Can you see why? 

A different kind of pump, that is now widely used, is 
the centrifugal pump. You know how a whirling bicycle 
wheel or automobile wheel throws mud and water away 
from itself. The force that makes whirling things fly 
away from the center is called centrifugal force. A centri- 
fugal pump uses this force together with atmospheric 
pressure to pump water. Figure 95 shows how this kind of 
pump works. It has a circular case 
in which a paddle wheel is made 
to spin very rapidly. The rapid 
spinning throws the air or water to- 
ward the outside of the pump and 


creates a partial vacuum in the 0S SS — 
: AN JAS CENTRIFUGAL FOR 
center of the case. One pipe leads <1 THROWS WATER QUT HER, 


the air or water away from the out- 
side of the case, and another pipe 
lets water into the center of the 
pump. Atmospheric pressure on the 
water around this inlet pipe pushes 
the water up into the pump. Since 
water is more dense than air, this 
kind of pump is often primed (filled 
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with water) to make a better vacuum when the paddle 
wheel is first started whirling. 

Centrifugal pumps can move water faster for their size 
than any other kind of pump. Some of the many places 
where centrifugal pumps are used are in automobile 
cooling systems, in city water-supply systems, on fire 
trucks, and in the basements of skyscrapers to fill the 
water tanks at the different levels in the buildings. 

The vacuum-cleaner is another everyday machine that 
uses atmospheric pressure. If you do not know how 
vacuum-cleaners are made, the following experiment will 
show you how they work. 

EXxperm™MeEnNtT 14. How Does a Vacuum-Cleaner Work? Ex- 
amine a vacuum-cleaner. Find the centrifugal fan that creates 
the partial vacuum. If possible, remove both the nozzle and 
the dust bag. Start the motor and test the force of the air at 
the inlet and at the outlet. Follow the path of the dust from 
a rug into the dust bag. 


Inside the common electric vacuum-cleaner is a centri- 
fugal air-pump driven by an electric motor. The paddle- 
wheel, or rotor, of this pump throws air out of its casing 
into a closely woven cloth bag. There is then a partial 

vacuum at the cen- 
ter of the pump. 
Atmospheric pres- 
sure forces more 
air in through the 
nozzle of the clean- 
er and into the 
center of the pump. 
_ When the nozzle is 


‘Fia. 96. The centrifugal fan in a vacuum- close against a rug 
cleaner | carpet, or cushion, 
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the weight of the at- 
mosphere forces air 
through the cloth and 
into the cleaner. The 
rapidly moving air 
carries the dirt and 
Ciisbeewitieit.. Lhe 
mixture of dirt and 
air passes through 
the cleaner and into 
the cloth bag, which 
catches the dirt and 
lets the air pass 
through. Many vac- 
uum-cleaners have a 
revolving brush to help loosen dirt, hairs, and lint from rugs. 

Atmospheric pressure helps drive and lift an airplane. 
As the propeller blades spin around, a partial vacuum 
or area of low pressure is produced in front of the blades. 
Back of the blades the pressure is greater; therefore the 
blades are pushed forward. But just as important is the 
shape of the wings (Figure 97). The wings of the plane 
are carefully shaped so that as they are moved forward 
through the air, a partial vacuum is formed on the upper 
side. Atmospheric pressure on the lower sides then holds 
the plane up. | 

Now let us see how all devices operated by atmospheric 
pressure are alike. In each of these devices there is some 
method of producing a partial vacuum; that is, of lessen- 
ing the air pressure in or around the device. When this 
happens, the greater force of the outside air pressure 
pushes against the device or pushes against some movable 
part in it and makes it move waa 





Fic. 97. How an airplane is supported 






118 SCIENCE PROBLEMS, BOOK TWO 


Self-Testing Exercises 


1. Explain how atmospheric pressure helps each of the fol- 
lowing to work: (a) plumber’s “suction cup,” (b) medicine 
dropper, (c) a lift pump. 

2. Why will a pump not work when its cylinder is more than 
35 feet above the water? 

3. How does a centrifugal pump work? 

4. Explain how a vacuum-cleaner without a brush gets dirt 
out of a carpet. 


Problems to Solve 


1. Find as many things as you can that use atmospheric 
pressure. Make a list of them. : 

2. Ask your mother to let you open the next jar or can of 
fruit or vegetables. See if you can tell whether there is a partial 
vacuum between the lid and the contents of the jar. If there is, 
how would air pressure help seal the lid on a glass jar? 

3. Fill a smooth-rimmed glass tumbler entirely full of water. 
Cover the tumbler with a square of stiff paper or cardboard so | 
that it touches the rim at all points. Pick up the tumbler and 
quickly turn it upside down over a pan or sink. Why does the 
water not run out? 

4. Lay a three-inch square of window glass or plate glass 
on a slightly smaller square. Lift the upper one. Does the lower 
one “‘stick’”’ to it? Wet the two pieces of glass and again lift 
the upper plate. Explain the difference in what happens. 

5. Why does the water or medicine in a medicine dropper 
stay in the dropper when it is lifted out of the liquid? 

6. In deep wells the cylinder, valves, and piston of the 
pump are placed deep in the ground, and a long rod moves the 
pistons. Why is this arrangement necessary? 

7. A swinging door moves inward when another door in 
the room is pulled outward quickly. Explain why. 

8. Will an airplane “take off’? more easily when the air 
pressure is high or when gio’ Explain your answer. 








Fic. 98. A baseball game on the moon would be a strange affair. Three 
or four enormous strides would carry you from base to base. You 
could jump ten or fifteen feet into the air to catch the ball, and a hit 
would go so far that home runs would be easy to make. 


Problem 5: 


HOW DOES THE FORCE OF GRAVITATION DIFFER AT 
DIFFERENT PLACES? 


ANY PEOPLE have been interested in the possibility 
M of shooting a rocket to the moon. Scientists do not 
believe that passengers could arrive safely in such a rocket. 
Furthermore, visitors to the moon would have little or 
no atmosphere to breathe after they arrived. However, 
let us suppose that you and some friends can make the trip. 

After having been cooped up in the rocket for several 
days during the journey, you welcome the chance to get 
out and move around. You feel strangely light on your 
feet. A five-pound box of candy you brought along for 
refreshments feels as if it were almost empty although 
it has not been opened. Someone suggests a jumping 
contest. A starting mark is made. The first boy runs as 
fast as he can and jumps. His strides seem unusually long, 
and, much to the surprise of everyone, he lands more 
than seventy feet away. On earth he has never jumped 
much more than twelve feet. “Gravity” is much less 
strong on the moon than on the earth. Why is that true? 


ATS 





Fra. 99. This diagram shows you the two important things that de- 
termine the pull of gravity on the earth and on the moon, namely, the 
distance to their centers and the amount of matter in them. 


To answer this question you need to know two things. 
In the first place, the moon is much smaller than the 
earth. It has only about one-eightieth as much matter 
in it. Therefore, it will not pull as hard as the earth. 
You might expect to be held down only about one- 
eightieth as hard as on the earth. However, you need to 
know another thing: The closer the centers of two bodies 
are together, the harder they pull on each other. 


Because the moon is much smaller than the earth, you~ 


would be much closer to its center than you can get to 
the center of the earth. This situation gives the matter in 
the moon about thirteen times as strong a pull as an equal 
amount of matter in the earth. That is, the pull of the 
moon on you would be about thirteen times one-eightieth, 
or about one-sixth, of your weight on the earth. If you 
weigh 100 pounds on the earth, you would weigh about 
seventeen pounds on the moon. You could carry two 
ordinary men around on your back. 

If you continued your imaginary journey and visited 
the different planets and the sun, your weight would 
constantly change. On Mercury you would weigh nearly 
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twice as much as on the moon; your weight would be 
about thirty-one pounds. On giant Jupiter, however, you 
might have trouble walking; you would weigh more than 
260 pounds! The heat of the sun makes it impossible for 
you to exist there, but that does not change the force of 
gravitation. At the sun’s surface its gravitational attrac- 
tion for matter is nearly twenty-eight times as great as 

that at the earth’s surface. A boy or girl who weighs 100 
pounds here would weigh nearly a ton and a half on the 
sun. You could not even lift an arm or a leg there! You 
would be as helpless as a jellyfish on land. 

Even on the earth the gravity of a body changes a 
little as the body gets nearer to or farther from the center 
of the earth. The pull of gravity on a ton of coal (2000 
pounds) is only about 1999 pounds when the coal is on a 
mountain two miles high. Because of the earth’s spinning 
(rotation) on its axis, its surface is thrown out at the 
equator and pulled in at the poles. Thus any object at 
the North Pole is about thirteen miles nearer the center 
of the earth than it would be at the equator. Because of 
this a load of coal that is pulled by gravity with a force of 
2000 pounds at the equator would be pulled at the North 
Pole with a force of almost 2011 pounds. 

Thus you see that the gravitational force between two 
bodies, such as you and the moon, depends on three 
different factors: (1) how much matter there is in you, 
(2) how much matter there is in the moon, and (3) how 
far you are from the center of the moon. 

Newton learned just how to calculate the force of 
gravity between bodies, and scientists since his time have 
used his Law of Universal Gravitation to solve many 
problems about the solar system. One of the most famous 
problems they solved was to find the cause of an irregular- 





ity that they no- 
ticed in the path of 
the planet Uranus. 
About forty years 
after Uranus was 
discovered, scien- 
tists noticed that 
it began to move 
farther from the 
sun than it should 
if it were being held in its orbit by the gravity of the sun. 

Some astronomers suggested that there might be an- 
other planet still farther out than Uranus. The gravita- 
tional attraction of this undiscovered planet might be 
pulling Uranus out of its regular path (Figure 100). Care- 
ful calculations, according to the Law of Gravitation, 
showed where to look for the unseen planet if there was 
one. An astronomer turned his telescope in that direction, 





Fiag. 100 


and in less than half an hour he discovered the planet 
Neptune. In calculating the paths of planets and comets. 


and the times when eclipses occur, astronomers make 
constant use of this great law of nature. 


Self-Testing Exercises 


1. (a) State at least two unusual things you could do on 
the moon if you could go there and live for a few days. (6) Why 
could you do these things? 

2. What three facts must be known before a scientist can 
calculate the gravitational force between two bodies? 

3. Why is the earth’s pull on a ton of matter not the same 
everywhere? 

4. Why would a five-pound box of candy weigh nearly a 
pound on the moon, although the moon has only about one- 
eightieth as much matter in it as the earth has? 
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Fig. 101A. One kind of water fountain Fic. 101B. Model of a 
for chickens water cooler 


‘Problems to Solve 


1. Imagine that you have taken some scales for weighing 
things on your trip to the moon. (a) What would you seem to 
weigh on scales that use weights and levers? (b) What would 
you seem to weigh on spring scales? Explain each answer. 

2. Find Newton’s Law of Universal Gravitation in a physics 
book or an encyclopedia. See how the law states the ideas you 
have been reading about. 

3. Find in reference books the meaning of the word mass. 
What is the difference between the weight of an automobile 
and its mass? Which one changes? Which one stays the same? 


LOOKING BACK AT UNIT 2 


1. Turn to the Table of Contents. Copy the title of Problem 
1 of Unit 2. Then answer it in a paragraph not more than one- 
half page long. Do the same for each of the other four prob- 
lems of the unit. 

2. Show that you know the meaning of each term: 


gravity kilogram atmospheric pressure partial vacuum 
gravitation gram centrifugal force aneroid barometer 
altimeter density barometer scales or balances 


ADDITIONAL EXERCISES 


1. A water fountain for chickens of the kind shown in 
Figure 101A uses atmospheric pressure. The can is filled with 
water and turned upside down in the pan. There are two or 
three holes near the edge of the can. Can you explain why 
the water fills the pan but never runs over the edge, even 
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though the can is full of water? A water cooler works on the 
same principle. A model of a water cooler (Figure 101B) will 
help you to see how the chicken fountain and the cooler work. 

2. Prepare a report on “The Scientific Discoveries of 
Galileo.” 

3. Think up a way to use the small can in Experiment 8, 
page 88, to show that the pressure in water grows greater as It 
becomes deeper. 

4. Otto von Guericke once made a water barometer. Tell 
how you could make such a barometer without an air pump. 

5. Read about tides in reference books. Take notes of the 
most interesting things you learn and report to your class. 

6. Get a small bell jar that has an opening at the top and 
place the jar on the plate of an air pump. Put a little vaseline 
on the edge of the bell jar so that it will stick tightly to the 
plate. Press your hand on the opening of the bell jar to make it 
air-tight; then have someone operate the pump. Describe the 
way your hand feels and tell why it feels that way. 

7. Boil a small amount of water in a flask for three minutes. 
Remove the burner and quickly fasten the mouth of a rubber: 
balloon over the mouth of the flask. Explain the results. 

8. How does an atomizer use atmospheric pressure? 

9. Set two similar vessels on a table. Fill one with water 
and connect the two with a glass or rubber tube filled with 
water. Have the tube reach to the bottom of each vessel. Such 
a tube is called a stphon. When does the water stop running 
into the vessel that was empty at first? After the water has 
stopped running, place a brick or a wooden block under one 
vessel. Does the siphon start again when you fill it with water? 

10. Sink a glass jar in a large pan of water until the jar is 
completely filled with water. Turn the jar so that the bottom 
is up and lift it until the mouth of the jar is almost to the top 
of the water. Does the water run out of the jar? Explain. 





Fic. 102. This strange rock formation, called Balanced Rock, is in 
the Garden of the Gods, Colorado. For hundreds of years wind has 
blown sand against the rock, wearing away the softer parts and 
leaving the harder parts in this peculiar shape. Sometimes the entire 
face of a cliff may be worn away into curious shapes. In this unit 
you will learn about the different forces that are at work constantly 
to cause changes in the earth’s surface. 
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UNIT 3 


HOW DOES THE EARTH’S 
SURFACE CHANGE? 


INTRODUCTORY EXERCISES 


1. Except for the oceans, most of the earth’s surface 
is soil. What is this soil made of? Explain briefly. 

*2, How may a chemical change make a material 
different from what it was before? List as many differ- 
ences as you can think of. 

*3 When a solid such as rock or glass is heated, does 
it expand or contract? 

4. Name three ways in which materials that make 
up the earth’s surface are moved from one place to 
another. Which of these ways do you think is most im- 
portant in making the earth as it is today? 

5. Name as many ways as you can in which plants 
change the surface of the earth. | 

*§. What is a solution? How does the ability of water 
to dissolve materials help to wear away rock? 

7. How do geologists know that water has covered 
most parts of the earth at some time in the past? 

8. What is lava? How do you think it is formed? 

9. What is a flood plain? Why are flood plains often 
very fertile? 

10. Have mountains that we see today always looked 
the way they do now? Explain. 

11. What is erosion? Why is it important to many 
farmers? 

12. How is the surface of the earth changing in your 
locality at the present time? Make a list of the ways. 

13. How are great caves in the earth, such as Mam- 
moth Cave, formed? 
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Fic. 103. Do you know that the surface of the earth changes in some 
way every day? It will be different tomorrow than it is today. Some 
of these changes take place so slowly that we cannot see them. But 
many of the changes made by water are visible to us day by day. 
The picture above shows how hard rains, moving swiftly down the 
slope, have carried away soil and have cut deep gullies into a hillside 
that was once smooth. 


LOOKING AHEAD TO UNIT 3 


GROUP of men were sitting in front of a store in a 
A small town. It was a hot day in summer, and every- 
thing seemed very dull and uninteresting. Finally a young 
man said, ““I wish something would happen around here. 
Nothing ever does. If I could come back to this place a 
thousand years from now, I believe I'd still recognize it. 
Not a thing would be changed.” 

“Tm not so sure of that,” said an old man sitting near. 
“I’ve been here for sixty years, and I’ve seen a great 
many changes in this short time. Even the land seems 
different! When I came here as a boy in 1876, the place 
was mostly in woods; and in the fields that were cleared 
the soil was rich and black. No one ever thought of 
fertilizing his crops. Later, most of the trees were cleared 
away, and the drainage canal was dug. Soon the surface 
soil began to wash away, and gullies began to form. One 
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Fic. 104. In 1926 Lake Como, in Houston County, Minnesota, was 
as you see it here—a beautiful lake around which a popular summer 
resort grew up. Just ten years later it looked as you see it in Figure 
105. See if you can think of some reasons for this rapid change before 
you read the legend beneath Figure 105. 


of the finest houses in the village stood where Black Creek 
now runs through the western part of town.” 

“Well, that is hard to believe,” said the young man. 
“Black Creek is about fifteen feet deep.” 

“But it’s true,” was the old man’s reply, “and a great. 
many other changes have taken place. You know that 
big swamp just below town? That swamp was once a 
lake. Now it has filled up until it is only a foot or two 
deep. So many changes have taken place since Pve been 
here that I’d not be able to recognize it as the same 
place.” 

People often think, as the young man did, that the 
earth does not change. But scientists can easily prove to 
you that the surface of the earth is really changing all 
the time. Some changes happen quickly. For example, in 
a few hours or days a great flood may change the course 
of a river. Or the flood may deepen the channel of the 
river in one place and leave sand-bars where there were 
none before. An earthquake may make great changes in. 
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Fia. 105. Here you see Lake Como as a swamp through which a small 
stream moves slowly. This may be explained by the fact that soil 
which is carried away from one place, where it belongs, must be 
deposited as sediment in another place, where it does not belong. 
That is, soil that has been carried away from a hillside, like that in 
Figure 103, may pour into a lake in such quantities that the lake is 
filled up with it. 


a few seconds. About a hundred years ago a great earth- 
quake was felt in western Tennessee. Afterward it was 
discovered that an area of land eighteen miles long had 
been lowered, and water had poured in to form a lake. 
This was named Reelfoot Lake. 

Other changes take place so slowly that even the 
geologists (scientists who study rocks) are not sure that 
these changes are going on. For example, geologists are 
fairly sure that a range of new mountains is rising in the 
western part of the United States, but several genera- 
tions may come and go before we can be certain that this 
change is taking place. 

Have you ever wondered how the soil and rock, the 
valleys and lakes, and the plains or mountains near your 
home were formed? In this unit you will learn about the 
kinds of changes that have been going on in your own 
neighborhood for many millions of years. 
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Problem 1: 
HOW ARE ROCKS CHANGED INTO SOIL? 


wav 1s the earth’s surface made of where you live? 

Is it nearly all soil or nearly all rock? For almost 
everyone the answer to that question is, “Soil.” The 
parts of the earth where people live 
must have soil to grow plants for food. 
But if you dig down into that soil far 
enough, you will always come to rock. 
This rock that lies under the soil 1s 
called bed rock. Scientists tell us that 
everywhere the surface of the earth was 
once rock of some kind. How can hard 
rock change into soil? Let us first find 
out what soil is. 


HAT MATERIALS IS SOIL MADE OF? 

The best way to begin your study 
of soil is to examine the soil itself. Have 
you ever looked at this material care- 
fully to see what it is like? 


Experment 15. What Are the General 
Characteristics of the Soil Where You Live? 
Study the soil near your home to a depth 
may be far down of at least three feet. Arrange the results of 
under the soil, or your observations in the form of a table. 
it may be very near a) At a depth of about four inches make 
the surface of the the following observations: (1) What color 
certs is the soil? (2) What is its general con- 
sistency; that is, is it sticky or crumbly, loose and porous, 
or closely packed and hard? (3) Are there any stones in it? 
If so, are they like the bed rock, or are they of a different 
kind? (4) Are there any plant roots in the soil? (5) Are there 
any ants or earthworms in the soil? 





Fic. 106. Bed rock 
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Take a sample of the soil with you for further study in the 
classroom. 

b) Repeat part a at a depth of eighteen inches. 

c) Repeat part a at a depth of three feet. 

How is the soil different at different depths? Is the soil 
different at different places in your locality? 


EXPERIMENT 16. What Materials Can Be Recognized in Soil? 
(a) Put about two inches of soil from Experiment 15a into a 
‘clear glass jar or a glass cylinder at least six inches deep. 
A deeper jar is better. Add water until the jar is almost full. 
Stir the water and soil or close the jar and shake it until the 
soil particles are completely separated from each other and 
thoroughly mixed with the water. Allow the mixture to stand 
undisturbed for a day. 

Notice what kind of material settles first, what settles last, 
and what remains suspended in the water or floating on top. 
Compare the materials that settle as to color, size of particles, 
etc. If you can, repeat this experiment with samples of soil 
from other depths and localities. Compare the results you 
get with the different kinds of soil. 

Allow the jars from this part of the experiment to stand 
undisturbed for use in Problem 2. 

b) Put a small amount of dry soil on a piece of glass or 
white paper. Examine the soil with a magnifier (and with the 
low power of a compound microscope, if you have one). Look 
for sand particles, dark decayed vegetable material, and 
lighter clay (or mud). Clear glass-like particles with either 
sharp or rounded corners are probably grains of quartz, or 
true sand. The decayed plant material is called humus. Clay 
is so fine you cannot see the particles with a magnifier. It 
settles out of water very slowly. 

With the magnifier look through the glass at the soil that 
has settled to the bottom of the jars in part a. Estimate the 
per cent of sand, clay (or mud), and humus in the samples 
you are studying. 





Fic. 107. Particles of clay are tiny and stick together tightly when 
they are wet. When a clay field dries out, it becomes hard and 
cracked. Because clay gets very hard, it is baked for a long time at 
high temperature to make building stones and pottery. 


c) Put a very thin layer of the soil from the four-inch depth 
ina “tin” can lid and heat the lid red-hot over a burner. Does 
the soil blacken for a time and then change to a lighter color, 
especially after it has cooled? This change in color is caused 
by the plant material, or humus, in the soil. The humus burns, 
leaving only the mineral matter in the soil. : 


If you did the experiments carefully, you probably 
found that the upper soil was darker and looser than the 
soil at a depth of one, two, or three feet. The deep, 
lighter-colored soil is called subsoil by farmers. Usually 
plants do not grow so well in it as they do in the upper 
ten inches of soil. Can you think of a reason for this fact? 
You probably found, too, that most samples of soil are 
made up chiefly of sand, of clay that makes mud when 
it is wet, and of decayed and decaying plant material 
called humus, or organic material. “Organic “means that 
the material was once part of a living thing. 

Each of these three materials is needed in soil if plants 
are to grow best. Pure sand is very loose and porous. 
If you pour water on a pile of sand, most of it runs right 
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Fic. 108. The farmer is loosening up the sandy soil of a blueberry 
field with a harrow. Certain other crops, such as melons, sweet 
potatoes, peanuts, and sugar-cane, grow well in sandy soil. However, 
sandy soil is often too dry for some crops. 


through. Sand contains very few minerals that can dis- 
solve and be used by growing plants. When it is mixed 
with humus and clay in soil, sand tends to make the soil 
loose and easy to cultivate. But soil that contains too 
much sand dries out quickly. 

Clay often contains minerals needed by plants; also, it 
will hold a great amount of water. However, it packs 
tightly together and dries out slowly. If clay is cultivated 
when it is wet, it becomes almost as hard as brick when 
it dries. 

Humus, however, improves both sand and clay. It 
holds sand together and also helps it to hold moisture. 
It makes clay looser and easier to dry and to cultivate. 
As humus decays more and more, it provides minerals 
needed by plants. It also produces chemical substances 
that help to dissolve the useful minerals in clay. Fertile 
soil, that is, soil in which plants grow well, must contain 
decaying plant material. 

As you study your locality, you may find some loose 
soil that is mostly sand. It probably contains enough 


133 


134 SCIENCE PROBLEMS, BOOK TWO 


clay and humus to make plants grow well if they receive 
plenty of moisture. Such a soil is called sandy soil. You 
may also find some compact, poorly drained soil that 1s 
mostly clay with some humus and little sand. Cotton 
and corn may grow well on some clay soils. In general, 
however, clay soils are poor for 
farming. 

The third kind of soil that you 
may find is called loam. Loam con- 
tains about fifty per cent of sand 
mixed with almost equal parts of 
clay and humus. Thus loam has 
some of the desirable characteris- 
tics of each of these three materials. 
It is, in general, the best kind of 
soil. Of course, not all soils fit 
perfectly into these three types. 
People who study soils find many 
kinds. In general, however, soils 
are classified as sandy soils, clay 
Fic. 109. Quartz is one of soils, and loams. 
theniocstonbundantemine From your study of soil you now 
erals. Besides beingfound know that soil contains sand or 
as small grains in sand, it Jay or both mixed with decaying 
is found as large crystals. ; : 

Rachieyya al nheerc ede mre ae material, or humus. Where 
each side goingtoapoint. do the sand and clay come from? 

Sand is made up of fine grains of a 
substance called quartz. Quartz is a mineral found in many 
rocks. It is a chemical compound composed of one part 
of the element silicon and two parts of the element oxygen. 
The chemical formula is SiO,. Quartz is so hard that a 
steel knife will not scratch it. When rocks containing 
quartz are gradually destroyed, the quartz is broken into 
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smaller and smaller pieces. It is finally left as the sand we 
find on beaches, in sand-bars, and in soil. 

Rocks contain many minerals besides quartz. Almost 
all of these other minerals form very fine mud or clay 
when the rocks are broken up and destroyed by nature. 
The sand and clay in our soil, therefore, come from the 
destruction of rocks. The kind of soil found in any place 
_will depend on the kinds of rocks that were changed into 
| the soil and upon the amount of humus that has been 
formed and mixed with the sand and clay. 


Self-Testing Exercises 


1. What is soil? Why is soil very important to you? 

2. What are the three important materials found in soil? 

3. How is subsoil different from top-soil? In which kind of 
soil do plants usually grow better? 

4. Name the three general kinds of soil and give two charac- 
teristics of each. 

5. What is humus? Of what value is it in soil? 

6. What is clay? Where does it come from? 


Problems to Solve 


1. Classify the samples of soil from Experiments 15 and 16 
as sandy soil, clay soil, or loam. 

2. Get a quart or more of each type of soil—sand, clay, and 
loam. Plan and carry out an experiment that will show which 
kind of soil will hold most water. 

3. Plan an experiment to find fairly accurately the amount 
of sand, of clay, and of humus in a sample of soil. Experiment 
16c may give you an idea for testing the amount of humus. 


OW ARE ROCKS CHANGED CHEMICALLY BY AIR AND 
WATER? You have learned that rock changes into 
the sand and clay that we find on the earth’s surface. 
But that stone door-step of your home hasn’t changed a 
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bit since you were old enough to notice it! And the stone 
walk in grandfather’s garden has been there since he was 
a little boy. The stones that you know do not seem to be 
changing. 

But you must remember that these changes take a long, 
long time! And there have been millions of years for 
rocks to change. Let us see if we can find some rock that 
nature has been changing. 


EXPERIMENT 17. How Does Stone That Has Been Exposed to 
Water and Air Differ from Protected Stone? Get a number of 
different stones from the soil, from streams, and from other 
places near where you live. Look especially for some that 
seem to be soft and “crumbly” on the outside. You may even 
wish to crack a corner off one of the pieces of an old stone 
walk or wall if no one will care. 

With a knife try to scratch the outside of one of the rocks 
you have collected. Notice its color and hardness. Then lay 
it on a large rock or piece of metal and break it with a hammer. 
Test the center of the broken stone as you did the outside. Is 
the center like the outside, or has the outside been changed in 
some way by its exposure to water and air? Examine other 
pieces in the same way. Have some changed more than others? 
If so, can you think of reasons for the differences? 


Many pieces of rock have a different color and are 
softer on the outside than in the center. The outer parts 
of some can be flaked or scraped off very easily. Of course, 
there are great differences because the rocks are of differ- 
ent kinds, and some have been exposed to the weather 
longer than others. 

The changes that we have noticed are mostly chemical 
changes. They are caused by water, carbon dioxide, and 
oxygen. Most kinds of rocks are formed deep in the earth. 
As soon as they are exposed to moisture and air, chemical 
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Fic. 110. This cliff of solid rock is being broken up gradually. Did 
you ever see a cliff like this with broken rock at the bottom? How did 
the rock become broken off into smaller pieces? 


changes begin to destroy them. Most of the chemical 
substances or minerals in rocks are changed into new 
materials. Quartz is one substance that is changed very 
little by chemical action. Some of these new materials 
from the rocks form clay. Others are dissolved and car- 
ried away by water.. These changes soften the rock and 
make it easier to wear away. The chemical changes that 
destroy rock are caused by the action of air, rain, and 
sun; therefore they are often spoken of by scientists as 
the weathering of the rock. 

But chemical changes are only part of the changes that 
after a time destroy all rock that is exposed to the air. 
Let us see what other kinds of weathering can affect the 
rocks of the earth. 

OW ARE ROCKS BROKEN INTO SMALL PIECES? Look at 
H the picture on this page. Notice the pile of broken 
rock at the bottom of the solid rock cliff. Notice also 
how the rock of the cliff is split. Such cliffs are very com- 
mon. An experiment will show you one way in which 
big rocks are broken into smaller rocks. 
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ExPERIMENT 18. How Do Expansion 
and Contraction Break Rocks? (a) Obtain 
a strip of ordinary window glass about 
six inches long and three inches wide. 
Almost any piece of broken glass several 
inches long will do. Hold one end of the 
glass in the flame of a gas-burner for a 
few moments. What happens? 

b) Heat a piece of glass tubing until it 
is quite hot. Then plunge it into some 
water. What happens to the glass? 





Fig. 111. Rocks, like The glass broke in the experiment 
glass, crack whensome —}, .cause not all parts of it were heated 
parts of the rock ex- 
pand and contract and cooled equally. One part of the 
more than other parts. window glass became hot and ex- 

panded more rapidly than other 
parts. This made the glass break. The glass tube was 
cooled on the outside by the water, but the inside stayed 
warm. Therefore, as the glass cooled, the outside con- 
tracted faster than the inside, and cracks were made all 
through the tube. Some kinds of rock are cracked in 
much the same way. When they are heated on the out- 
side by the bright sunlight, the outer part expands faster 
than the inside, and pieces break off. In other rocks very 
tiny cracks appear because of heating and cooling. These 
cracks gradually become deeper and larger. 

Cracks in rocks allow both water and air to enter. As 
you have learned, water and air cause chemical changes 
that soften the rock. Because of these cracks, weathering 
goes on inside the rock as well as on the outside. 

When water runs into a crack and freezes, it makes the 
cracks wider. An experiment will show you how this 
happens. 
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ExPeRIMENT 19. How Does Water Act When It Freezes? 
Fill a bottle completely full of water. Do not allow any bub- 
bles to remain. Wire a stopper in the bottle tightly or tighten 
the screw cap as much as you can. Put the bottle in the freez- 
ing compartment of an electric refrigerator, set it outdoors 
on a cold night, or bury it in a mixture of three parts of crushed 
ice with one part of salt. What happens to the bottle when 
the water freezes? 


From this experiment you can 
see how water in rocks expands 
with a tremendous force when it 
freezes. Thus the freezing of 
water that has trickled into the 
cracks in rocks helps to break 
the rocks into smaller pieces. 

The third way in which rocks 
are broken up Is by plants. Plants 
send their roots into the cracks 
in rocks. Then, as the roots grow, 
they force the rocks apart and 
often break them into smaller 
pieces. Plants and animals also 
help in the chemical weathering 
of rock. Growing roots give out 
chemical compounds that dis- 
solve away the surface of some 
kinds of rock. Chemicals from 
decaying plants also soften rocks. _ a - 
Ants, earthworms, and larger Fira. 112. There are several 
animals that burrow in the soil trees growing out of this 
allow water and air to get down se ne LOO et aNy 
: arger and larger, they split 
into the soil around rocks. These the rock until it breaks into 
animals also bring bits of rock _ pieces. 








Fic. 113. Wherever moving water runs over stones or beats against 
them for a long time, the stones are rounded off and smooth like the 
ones shown in this picture. 


to the surface, where the effects of heat, cold, and rain 
can wear the rock material down more rapidly. 

The fourth way in which rocks are broken into pieces 
is by the action of moving water, wind, and ice. As you 
will learn later in this unit, water, wind, and the ice of 
glaciers rub pieces of rock together and grind them into | 
fine rock powder that soon becomes soil. 

Now you have learned how the earth was changed and 
is changing from solid rock to soil. Rocks, when exposed 
to the sun, rain, and wind, are changed by a process that 
is called weathering. Water, oxygen, and carbon dioxide 
may change them chemically into softer substances. 
Expansion and contraction during changes of temperature 
and the freezing of water in cracks break the hardest of 
rocks into pieces. Plants and animals also help to change 
the rocks. 

Rocks are worn down when they are ground together 
by moving water and ice. Wind-blown sand cuts rocks 
to pieces. In these ways all kinds of rocks are changed 
into the sand and clay that cover much of the earth’s 
surface. When plants die and decay, they add their own 
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substances to the soil each year. These substances be- 
come mixed with the materials from rock and thus make 
the soil a better place for other plants to grow. 


Self-Testing Exercises 


1. How can you tell when a rock has been changed by 
chemical weathering? 

2. Give two ways in which changes of temperature can 
cause rocks to break. 

3. Name three ways in which plants help in the formation 
of soil. Explain each one briefly. 


Problems to Solve 


1. List the ways in which a piece of rock you find in the 
soil may be different from a piece of the same kind of rock 
that has just been taken from a stone quarry. 

2. Make a list of all the ways in which the air helps to 
destroy rocks. 

3. Why are we sure that rocks change into soil, even though 
we cannot notice the rocks changing from year to year? 

4. Write a brief description of the earth as it might be if 
rocks could not be broken up or changed into soil. 

5. Read in reference books about quartz and other common 
minerals, such as feldspar and mica. Find how each one may 
be recognized. 

6. Why is it possible to find several kinds of soil in one 
locality? 

7. Give a reason why farmers sometimes plow under a 
crop of clover or rye and mix it with the soil of their fields? 

8. Collect different kinds of pebbles from as many different 
places as you can. Try to decide how each pebble has been 
shaped. That is, was it shaped by running water, by waves, by 
a glacier, or by weathering? 

9. Which ways of changing rock to soil have been most im- 
portant in your locality? 
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Fic. 114. On this relief map of the United States you can see how 
many small streams flow together to make the Mississippi River. 
Because gravity pulls all matter downhill, the water in all of these 
streams is moving soil down to the ocean. 


Problem 2: 
HOW ARE MATERIALS CARRIED FROM PLACE TO PLACE? 
E THINK of the Panama Canal as one of the great 

WV engineering feats of the world. Government engi- 
neers spent ten years moving 240,000,000 cubic yards of 
material to make the canal. That amount of material 
would fill all the freight cars in the United States four. 
times! Yet, impossible as it may seem, in nine months 
time the Mississippi River alone carries more material. 
into the Gulf of Mexico! 

Over a large part of the northern United States scien- 
tists have found a layer of soil, clay, and rock that 
was not formed there. It came from somewhere else. 
Scientists have learned that great glaciers moving down 
from the north in the long ago smoothed off the hilltops 
and filled in the valleys from Canada to the Missouri 
River and the Ohio River and from the mountains of 
the West to the Atlantic Ocean. These glaciers brought 
many cubic miles of rock, clay, and sand and covered 
up the valleys and level ground. In some places they 
left a layer that is 500 feet deep. Surely transportation 
is “big business” with nature! 
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We use wagons, railway trains, trucks, automobiles, and 
airplanes to transport things. Nature uses only water, 
wind, and ice. And the force that moves all three of these 
is gravity! You can easily see how gravity pulls pieces of 
broken rock to the foot of a steep cliff. You can see how 
gravity makes rain fall and streams run down to the sea. 
You can see how gravity forces glaciers to move down- 
ward through mountain valleys. Later you will find that 
gravity also makes the wind blow. 

Let us now see how these great transportation agencies 
of nature do their work. 

OW DOES MOVING WATER CARRY MATERIALS? After a 
heavy rain, you can always see where the rain water 
has picked up soil and small stones from one place and 
left them in another. The water cuts little gullies in every 
bank that is not well protected with grass. Little sand- 
bars are left along the gutters and ditches. Little “fans” 
of soil and gravel are spread out on sidewalks and in other 
places where the water runs slowly or forms pools. You 
can see the same thing in every plowed field that is not 
perfectly level. In the low places you can find spots 
where the water has dropped its load of material. All 
these things you can see after any heavy rain. 

The study of nature shows us that there are general 
rules or laws that help us explain the things we see 
happening. What are some of the rules that water follows 
in carrying materials? 

One of the simplest rules followed by water is the result 
of the pull of gravity. Water, as it flows over the surface of 
the earth or through spaces within the earth, moves down- 
ward. Therefore it is a general rule that materials carried 
by water are moved to lower places. 

A second rule of transportation by running water 1s 





Fic. 115. Because flood water moves rapidly, it carries large quantities 
of material—rocks, soil, trees, etc. As the water spreads out over 
fields and towns, it gradually drops the material it is carrying. This 
picture shows the pile of soil and rubbish left in a street after a flood. 


almost as simple as the first: The amount of materval that 
water can carry depends on how fast the water is moving. 
The faster water runs, the more material it can carry. 
It may even roll large stones. Whenever water slows down, 
it must drop part of the load it has picked up. 

During or after a heavy rainfall, you can see how 
the rule works. In places where the land slopes, little 
grooves and gullies are made in the soil as the water 
flows ‘rapidly down the slope. The mud and gravel 
moved by the water are left on level ground and in 
the ditches where the water slows down. Materials that 
are being carried by the water are said to be suspended 
in the water. Or they are said to be in suspension. They 
are called sediment. 

A third rule is closely tied up with the second rule: 
Water sorts the materials it carries. It sorts the materials 
into large and small pieces because it can carry large 
pieces only when it is moving rapidly. When it begins 
144 





Fic. 116. Each year new land is made around the edges of these 
islands in the Mississippi River. The land is made from the soil that 
the water carries down the river and drops on the islands as it moves 
more slowly. 


to slow down, it first drops the largest pieces. A little 
farther along, as it moves more slowly, it drops smaller 
pieces. The fine mud will not settle until the water has 
been perfectly quiet for a time. 

Look at the soil in the bottom of the jars in Experi- 
ment 16a, or repeat that experiment with a large jar 
and a mixture of small gravel, sand, and clay. As soon 
as you stopped stirring the water, the gravel went to the 
bottom. Then, as the water became more and more 
quiet, finer and finer materials settled. Only after a day 
or more did the finest mud settle. Geologists can usually 
tell when they find materials that have been carried 
by water; such materials have been sorted according 
to size and weight. 

Running water also carries materials that it has dis- 
solved. Rain water that falls on the soil dissolves some 
kinds of minerals from soil and rock and carries the min- 
erals away into near-by streams. As you know, the par- 
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ticles of dissolved materials are too small to be seen, and 
they cannot be filtered from the water. Thus, water that 
has been filtered through much sand and soil may be 
perfectly clear and yet be carrying minerals in solution. 
The amount of minerals carried in solution at any time is 
usually not large, but over a long period of years water 
will dissolve and carry away great amounts. Furthermore, 
the parts of the soil that will dissolve are the parts that 
are most useful to plants. 

But, as you know, not all the rain water flows off into 
streams. Some of it soaks into the soil and stays there 
for long periods of time. We call this part of the water 
ground water. Gravity pulls the ground water downward 
through the soil and the crevices in the rock until it 
reaches a layer of clay or rock that it cannot get through. 
The water gathers above this layer of material and fills 
all the tiny spaces in the soil and rocks. 

As the ground water moves slowly down through the 
soil and rocks, it dissolves many substances. Some of the 
minerals will dissolve in pure water. Others will not dis- 
solve in water alone, but they will dissolve in water that 
contains some other substance, such as carbon dioxide. 
For example, limestone is almost entirely a white mineral 
called calcium carbonate (CaCQ;). This mineral does not 
dissolve easily in pure water. But carbon dioxide dis- 
solved in the water changes the calcium carbonate into 
another compound, called calcium bicarbonate, that dis- 
solves rather easily. The carbon dioxide to cause this 
change comes from the roots of plants and from decaying 
plants in the soil. 

Water from deep wells and springs sometimes is salty 
or tastes and smells “like rotten eggs.” Such water in 
seeping through the earth has gone through salt or miner- 
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als that contain sulphur compounds, and has dissolved 
them. Some well water leaves rust-colored stains where it 
drips slowly or evaporates. These stains are caused by 
iron compounds that have been dissolved in the water 
and are left as the water evaporates. 

You have now learned that water picks up material 
and moves it in solution, in suspension, and by rolling 
and sliding it along. Working in these ways, water is the 
greatest excavator on the surface of the earth. 


Self-Testing Exercises 

1. State and explain three simple rules that water follows 
in moving materials. 

2. Name two ways in which water carries materials. Give 
an example of each way. 

3. Limestone is made almost entirely of calcium carbonate, 
which will not dissolve in pure water. Why is ground water 
able to dissolve some of the calcium carbonate? 


Problems to Solve 

1. Where in your neighborhood are materials carried away 
during a heavy rain? 

2. One boy who explored several streams in a hilly region 
noticed that there was a deep place in the stream bed below 
each waterfall. Which rule of transportation by water explains 
how this hole was formed? 


OW DOES WATER DIG VALLEYS AND CAVES? Before 
H you can begin to answer this problem, you will 
need to have clearly in mind the meaning of a word often 
used by geologists. This word is erosion. You have learned 
that rock is gradually destroyed by weathering; that is, 
water, ice, and wind slowly wear away the hardest of 
rocks. You have also learned that water picks up mate- 
rials from the high lands and carries them with it on its 
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way to the sea. All this wearing down and carrying away 
of the rocks and soil is called erosion. As you will soon see, 
erosion 1s very important to all of us. 

Almost every one carries in his mind the picture of 
some great river valley that he has seen or of some small 
stream valley that he has explored. Many years ago 
people had queer explanations of how these valleys were 
formed. Some believed that they were made by earth- 
quakes that opened cracks in the earth. They thought that 
after the valleys had been formed, water collected in them 
to make streams. Gradually scientists came to see that 
the stream that flows in almost every valley has itself 
dug the valley. They learned how to read the history of 
valleys, and they discovered many strange and inter- 
esting facts about them. 

A valley begins as a narrow groove 
in the earth. If the stream runs 
rapidly, the water cuts deeper and. 
deeper. So long as the stream is cut- 
ting deeper, its valley remains nar- 
row with steep sides. Usually we can 
say that it is a V-shaped valley, and 
it is called a young valley. 

Later the stream stops cutting 
downward so rapidly because the 
valley becomes more nearly level, 
and the water flows more slowly. 
ot The water then begins to swing from 
Fic. 117. A young val- side to side in the valley as it moves 
ley is deep and nar- along. This cuts away the banks 


t the bottom. : 
ai igs see : ek i and widens the bottom, or floor, of 


the banks are washed the valley. Such a valley has a U 
away, it is wider. shape and is called a mature valley. 





il. 








Fic. 118. Gradually the rough places and the steep sides of a young 
valley are worn away by the rains and the streams until it becomes 
a wide, gentle valley. 


But the water does not stop digging even though the 
valley has become mature. The water of the stream will 
continue to widen the valley and carry away material 
until the slope of its sides becomes very gentle. By that 
time the water runs so slowly that it cannot carry much 
sand, clay, or other materials. A wide valley with very 
gentle slopes is known as an old valley. 

The history of a valley seems quite simple. But do not 
expect to see some young valley change into a mature one 
in a few years, or a mature valley become an old one dur- 
ing your lifetime. These changes take hundreds or thou- 
sands of years. However, you can see how the valley of a 
small stream develops. First, go up to the source of the 
stream. There you will probably find a small, steep-sided 
ditch or gully cutting back into poorly drained land. 
By following the stream downward, you can see how the 
other parts of the valley become wider and wider, with 
the sides less and less steep. 

The surest place to find young valleys developing 1s on 
rolling or hilly farm land. There during thousands of 
years soil formed, as you learned in Problem 1. Plants 
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Fic. 119. This airplane view shows an area in Nebraska where rains 
have washed the rich soil from the fields and cut deep gullies. Millions 
of acres of good farm land in the United States have become useless 
for growing crops because water has been allowed to carry away 
the rich top soil. 


and trees grew in the soil. The small plants and the fallen 
leaves kept the soil from being washed away because they 
stopped the water from running rapidly down the slopes. 
But farmers came and cleared away the forests. Even the 
erass was plowed up so that corn, wheat, tobacco, and 
other crops would grow in the loosened soil. 

Now every rain that falls on those farms carries away 
ereat loads of rich soil. You can see it in the water of every 
creek and river after a rain. The water cuts young valleys 
or gullies farther and farther into the fields. If the farmer 
does not stop the action of the water, in a few years all 
the rich soil is gone, and the fields are rough and useless. 
They are abandoned, and nature begins again her slow 
formation of good soil. 

This loss of good soil by erosion is one of the great 
problems our country faces today. Farmers must learn 
to leave the steeper parts of their farms in forest or grass. 
They must learn to manage their fields so that every rain 
does not steal the best soil. Later on in your science 
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study you will learn about some of the things that are 
being done to save the soil of our country. 

Look at the picture on this page. Does it show you 
another way in which water cuts away and carries away 
the soil? Waves driven by the wind break against the 
shores of oceans and lakes. Soil is carried away. Sand 
and gravel are soon dropped to form beaches and bars 
along the shore. During storms the material torn away 
by the waves may be piled up behind the beach in a ridge 
that later waves cannot reach. The fine humus and clay 
remain suspended in the water for a long time and finally 
settle in quiet water. Along rocky shores the waves drive 
the loose rocks against each other and against the solid 
rock. In this way the rock is gradually ground to pieces 
and carried away. 

Have you ever visited Mammoth Cave, Kentucky, or 
some of the other great caves in our country? If so, you 
probably know how those caves were made. Strange as it 
may seem, those caves were made by water. Let us see how 
water can dig miles of caves in solid rock. 

Such caves are found only in regions where the rock 
underneath the surface is limestone. As you have already 


Fic. 120. For thousands 
of years moving water 
has slowly cut deeper and 
deeper into rocky banks 
of lakes and _ oceans, 
grinding the rock into 
bits. When the action 
of waves can cut into 
solid rock like this, you 
can imagine what it does 
to soft earth. 
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Fria. 121. This is the Natural 
Bridge in the Shenandoah Val- 
ley. Some natural bridges have 
been formed when the top of a 
large cave fell in, leaving part 
of the roof. The part of the 
roof that was left formed the 
“bridge.” 
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learned, water containing car- 
bon dioxide in solution can 
dissolve the calcium carbonate 
of which limestone is made. 
Water from the surface of the 
land seeps down through tiny 
crevices in the rock and be- 
gins to dissolve and carry 
away the stone. The opening 
gets larger and larger until a 
cave is formed. Through mil- 
lions of years such great cav- 
erns as Mammoth Cave in 
Kentucky, Luray Caverns in 
Virginia, and the Carlsbad 
Caverns in New Mexico have 
been produced. Sometimes the 
water dissolves out a funnel- 
shaped pit in the rock, or the 
roof of a cave falls in. The soil. 
above these holes settles, and 
a low place in the ground is 
formed. Such a low place is 
called a sink hole. 

You have now seen that 
the chief kinds of erosion by 
water occur in the formation 


of valleys, the cutting away of shores by waves, and 
the dissolving of limestone to form caves and sink holes. 


Self-Testing Exercises 


1. How are valleys usually formed? 
2. How can you tell the difference between a young valley 
and a mature one? Between a mature valley and an old one? 
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3. Why is erosion a serious problem in the United States? 
4. How do waves carry on erosion? 
5. Explain how caves are formed. 


Problems to Solve 

1. Imagine that you can go to the source of some stream 
at the head of a young valley and ‘travel in a few minutes to 
the ocean through older and older parts of the valley. Tell 
_how the valley would change and what special features you 
could see as you went along. 

2. Is erosion of farm land serious in your locality? Notice 
the land itself if you can. Also ask questions of farmers and 
others to solve this problem. 

3. Are the valleys in your locality young, mature, or old? 
Or are all types found there? Name examples and give reasons 
for your answer to this problem. 

4. Find out what the government is now doing to help 
- farmers prevent erosion on their farms. 


HERE DOES WATER DEPOSIT THE MATERIAL THAT IT 
\¢ CARRIES? You already know that sediment, such as 
mud and sand, carried by a stream settles where the water 
slows down. In young valleys the water runs swiftly 
along; therefore very little eroded material is dropped. 
However, in a mature valley the stream runs more slowly. 
The river forms many curves that gradually widen the 
floor of the valley. During floods the water spreads over 
the whole wide valley bottom. Because it runs slowly in 
the wide space, some of the clay and humus settles on the 
floor of the valley. This level space that is covered by 
water when the river overflows its banks is called a 
flood plain. 
Usually flood plains are fertile farm land because from 
time to time they receive new deposits of soil that has 
been washed off the high ground. The flood plains of such 
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Fic. 122. At the sides of the slow-moving Susquehanna River are 
wide, level flood plains. They are formed when the flood waters spread 
out, slow down, and drop the heaviest load of soil that they have 
carried from higher places. 


rivers as the Nile in Africa, the Ganges in India, and the 
Yangtze in China are noted for their rich land. Great 
centers of civilization have developed on each of these 
plains because the rich soil made it easy to grow enough 
food plants to feed large numbers of people. 

But most of the mud and sand carried by a stream never 
gets out on to the flood plain. In old valleys the water is 
often flowing so slowly that the material is deposited right 
in the stream bed. This is especially true of our own 
Mississippi River. Through much of the river’s length 
the land slopes so gently that the water flows slowly; 
therefore, soil is always settling to the bottom of the 
river. During floods much of the material is again picked 
up and carried away. 

In places where there are small obstructions in the river, 
the current is slowed down even more, and more soil 
settles here. So sand bars and mud bars begin to form 
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Fic. 123. Along the Mississippi River, from Cairo, [linois, to New 
Orleans, Louisiana, there are dikes. These are big banks of earth, 
sometimes thirty feet high. You can see that a dike is a necessary 
protection here, because the river is higher than the land along it. 


around these small obstructions. When the river is low, 
trees and other plants grow upon this soil, and the roots 
hold the soil in place. During floods more soil is deposited 
among the plants until large islands are formed. In recent 
years at Memphis, Tennessee, a huge island, called Mud 
Island, has formed near the water-front, where Wolf 
River flows into the Mississippi. This island is a great 
hindrance to the boats that carry freight and passen- 
gers up and down the river. 

At many places in the Mississippi the government 
spends much money keeping channels open for steam- 
boats. The government engineers usually apply their 
knowledge of our second rule of stream erosion. They 
build dikes, or banks, that force the wide river to flow in 
a narrower channel. Then it must flow faster, and it can 
pick up and carry material. Thus the river deepens its 
own channel. 





Fic. 124. From an airplane a part of the Missi&tpoi 1 River delta 
looks like this view. The delta reaches more than 200 miles out into 
the Gulf of Mexico. The river is continuing to push its delta on out- 
ward at the rate of about 340 feet each year. 


When a river reaches the ocean, the flow of its water is 
checked by the quiet ocean water. Then its load of sand 
and mud settles to the bottom. The material that 1s 
dropped builds a delta out into the ocean. Many famous 
rivers have built deltas, on which great cities have grown 
up, surrounded by rich agricultural lands. One of these 
deltas is at the mouth of the Nile. Here stand the great 
cities of Cairo and Alexandria. On our own continent a 
long narrow arm of the Gulf of Mexico once extended 
all the way to the mouth of the Ohio River. The Missis- 
sippi River has filled that whole arm of the Gulf. 

But not all the material carried by water is suspended 
so that it can settle. Dissolved material can be deposited 
only when the water evaporates or some chemical change 
occurs. Water that has been seeping through the lime- 
stone of cave roofs drips from the roof and runs down the 
sides. When the water comes out into the air of the cave, 
some of the dissolved carbon-dioxide gas escapes. Then 
the water can no longer keep the lime (calcium carbonate) 
in solution. The lime is deposited in layers on the sides of 
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Fic. 125. In the Hanging Garden, Great Onyx Cave, Kentucky, lime 
is deposited both in the form of stalactites and of stalagmites. 


the cave and in great icicle-like forms that hang down 
from the roof. These hanging deposits are called stalactites. 
Where the water drips on the floor of the cave, deposits 
called stalagmites are built up. When a stalactite and a 
stalagmite meet one another, a column is formed. 

However, the greater part of the minerals in solution 
is carried into streams and finally into the ocean. A smaller 
part is carried into lakes and seas that have no outlet 
into the ocean. The water, held in these great basins, is 
constantly evaporating. The minerals cannot evaporate. 
As more and more water brings in its load of minerals, the 
solution becomes stronger and stronger. Through chemi- 
cal action some of the minerals change to solids and settle 
to the bottom. Others are used by sea animals to build 
their skeletons and shells. 

Common salt and some other minerals tend to remain 
in the water; therefore the water is very salty in the ocean 
and in lakes that have no outlets. If a great body of salt 
water dries up completely, the salt and any other minerals 
that are in the water are left on the bottom. Rock salt is 
believed to have been formed in some such way through 
the repeated filling and evaporation of a basin of salt 
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“| water. Rock salt more than 2000 feet 

~ thick is found under parts of Louisi- 
ana. In Germany some of the de- 
posits of salt are as much as 5000 feet 
thick. ) 

One of the most interesting and 
beautiful features of Yellowstone 
Park is the mineral deposits around 
the hot springs and geysers (Figure 
126). Scientists believe that the wa- 
ter is heated by hot volcanic rock be- 
neath the earth’s surface. Hot water 
can dissolve greater amounts of min- 
erals than cool water. When the hot 
water comes up out of the earth, it 
cools, and part of it evaporates; the minerals change back 
to solid form and are left in many shapes and colors. 

As you hike or travel or read, look for examples of 
materials deposited by water. The sand and gravel in- 
bars, on the beach, and in sand and gravel “pits*ihay em 
been left there by moving water. The rich soil of flood 
plains along rivers and deltas at the mouths of rivers has 
been transported by moving water. Beautiful caves and 
hot springs, salty oceans, and salt mines would not exist 
if water could not carry dissolved minerals. 





Fic. 126 


Self-Testing Exercises 


1. Tell how each of the following is formed: flood plain, 
mud island, delta. 

2, What is a stalactite? How is it formed? 

3. Why are thick deposits of minerals formed around hot 
springs and geysers? 

4. How does the ocean become salty? 

5. How do dikes help keep rivers from getting shallower? 








Fic. 127. Curious shore formations result from the movement of 
waves upon shores. Material drifted by waves often builds up long, 
narrow hook-shaped bits of land, called spits. 


Problems to Solve 


1. Where have you seen deposits of material left by water? 
Make as long a list of places as you can. 

2. Plan an experiment that you might carry out in a garden 
to show how water erodes and deposits material. 

3. Where would you expect to find the greater number of 


gravel-bars, in the young part of a valley or in the old part 
of a valley? Why? 


4. How are natural levees formed? Consult reference books 
to find the answer to this problem. 

5. How is erosion helpful to farmers who are growing crops 
on flood plains? 


OW DOES MOVING AIR CARRY MATERIALS? Have you 

heard of the terrible dust storms that swept over 
parts of the United States a few years ago? Great clouds 
of dust formed in the West and were blown across the 
country and out over the Atlantic Ocean. In Tennessee 
and Virginia there was at times so much dust in the air 
that the rain water was muddy. In February, 1934, a 
queer brown snow fell in New England. Chemists found 
that it was brown with a kind of soil that is found in 
Oklahoma, Texas, and Kansas. That single “‘snowstorm”’ 
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Fic. 128. In many parts of our country there have been terrible dust- 
storms. Strong winds have drifted thousands of tons of soil over fields, 
fences, and buildings, and have brought ruin to the farmers who had 
cultivated the soil. 


dropped over thirty pounds of western soil on each acre 
of a large part of New England. 

The places where this dust came from became almost a 
desert. The farmers had plowed land that was covered 
with grass and had planted other crops in the bare soil. 
Then came several dry years. There was not enough mois- 
ture to hold the soil together. Millions of tons of the 


farmers’ richest soil were lifted high in the air by strong: 


winds and carried across the country. Thus, if wrong 


methods of agriculture are used in regions where little rain 


falls, or if our climate changes only a little, so that the 
amount of moisture decreases, the rich soil on which our 
food depends is carried away by the wind. 

Have you heard of sand dunes? Wind can move material 
to form dunes only in places where there is little moisture 
and where there are few plants to hold the soil. The dunes 
are formed of sand, because wind sorts materials much as 
water does. 

Wind does not have force enough to move pebbles and 
stones. It lifts the fine soil from the land and carries it 
far away to settle in a thin layer over the earth. Then it 
blows the sand along the earth’s surface and piles it up 
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Fic. 129. These are sand hills near Yuma, Arizona. Strange stories 
~ are told of how huge moving sand dunes cover up roads, trees, and 
homes and uncover them years later. Sometimes in desert regions 
ancient cities have been found covered by sand dunes. 


in great drifts that we call dunes. Along the shores of 
lakes and oceans the sand has already been sorted out by 
the water and washed up on the beach, where the wind 
can pick it up as soon as it js dry. 

Wherever a plant or other object slows the moving 
air, some of the sand forms a small drift. Then more and 
more sand is blown against the drift, rolls up the front 
of it, and settles behind, until a dune is formed. The 
wind continues to blow the sand up the face of the dune 
and drop it behind the dune. Thus a dune may move 
along, covering up trees and buildings in its path, and 
uncovering them again later. 

In places where there is much rain, dunes finally 
stop moving and become stationary. Plants begin to 
grow on them, and new soil is formed. Finally the dunes 
may become covered with trees. Along the southern 
shore of Lake Michigan are some of the highest dunes 
known. There the wind has picked up the beach sand 
and made hills that stand over two hundred feet above 
the lake (Figure 130). 

Geologists tell us that the winds were at work moving 
soil in the past just as much as they are now. Along the 
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Mississippi River valley 
and. in certain parts of 
China geologists have 
found beds of fine soil 
hundreds of feet thick 
that were left there by the 
winds of long ago. 


Self-Testing Exercises 


1. What are the two most 
important causes of the 


wi dust storms that did so 
Fic. 130. Some of the dunes along jyuch damage in western 
the shores of Lake Michigan are : 5 

; ansas a few years ago! 

composed of dry moving sand, while Tell h 
other dunes have become stationary 2. Tell how a sand dune 
and are covered with thick forests gets started and what may 
of oak trees. stop its movement. 
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OW DO GLACIERS CHANGE THE BEARTH’S SURFACE? 

When scientists began to study the land in the 
northern part of the United States, they discovered a 
number of surprising facts. Scattered over the country 
north of the Ohio and the Missouri Rivers, from New 
England to the mountains of the West, were stones that 
were different from the rock under the soil. Many different 
kinds of rock were found all mixed up together. Further 
exploration showed that the bed rock like these stones 
could only be found hundreds of miles to the north. The 
stones must, then, have come from the north. 

Many of the stones were mixed with sand and clay- 
like material in an unsorted mass. Some of them were 
flattened and scratched. The bed rock in these regions 
was smooth and had parallel scratches that ran in a 
general north-and-south direction. Hard masses of rock 
that stuck out of the ground were rounded off and 
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scratched. For some time people explained these facts 
by saying that great floods must have covered the earth 
and moved these rocks long ago. But scientists began to 
see a more reasonable explanation. They saw that if a 
great glacier had come down from the north and covered 
the territory, the soil and the rocks would be as they 
are today. 

_ We now know that glacial ice has pushed down trom 
the north and melted back again at least four times. Much 
of the fertile soil of the northern part of the United States 
has been made by the glaciers. The Great Lakes and 
thousands of smaller lakes in the northern states are 
glacial lakes. How different our country would be if there 
had been no erosion and no transportation by ice! 

But where do glaciers get their ice? How can a glacier 
flow over the land? How can geologists tell where glaciers 
were at work twenty-five thousand or a million years ago? 

If you live where snow is 
common in winter, you have 
seen an old snow-drift that 
lasted far into the spring. 
Toward the last, the drift did 
not seem like snow. It was 
more like ice. The snowflakes 
had gradually changed into 
little granules of ice and then 
had frozen together into al- 
most solid ice. That is the 
way glaciers form. In regions 
where there is much snow Fic. 131. Great scratches and 


Pyieachere the average tem- grooves are left in the surfaces 
zg of rocks over which glaciers 


perature throughout the year have passed. Geologists call 
is cool, the snow does not all these scratches striae. 








Fic. 132. This is Chaney Glacier, a mass of flowing ice, in Glacier 
National Park, Montana. Along the edges of the glacier are piles 
of rocks and soil. In the background you can see the U-shaped valley 
cut by the glacier in the bed rock. 


melt during the summer. Each year more and more snow 
is added and changed to ice until the ice becomes very 
thick. In mountain regions this ice moves down through 
the valleys until it reaches a place where it melts as fast 
as it flows down. | 

Scientists have had great difficulty deciding how ice 
can move or flow. Some have thought that it can actually 
change its shape and flow very slowly like pitch or 
asphalt. However, most scientists believe that the ice 
melts in spots where the pressure is greatest. Then 
after the water has moved into a place where the pres- 
sure is lower, it freezes again. Thus the whole glacier 
moves along by melting and freezing again a little at 
a time. 

The moving ice of a glacier carries with it all the loose 
material in its way. Stones held by the ice scrape along 
the bottom of the valley smoothing rough places, deepen- 
ing the valley, and leaving great scratches in the solid 
rocks. For these reasons a glacial valley is rounded and 
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smooth, not rough and irregular like a valley made by a 
stream. The scratches on the rock show that a glacier 
moved over the land and also show the direction in 
which it moved. 

At the end of a glacier, where the ice melts, its load of 
stones, ground-up rock, and clay is dropped. The piles of 
material left by a glacier are called moraines. Even after 
_the ice is all gone, scientists can tell a moraine from other 
deposits. In a moraine the stones, sand, and clay are all 
mixed up together, not sorted as they are by water. Also, 
many of the stones have flat sides and are scratched in a 
peculiar way; they are not rounded and smooth as they 
are when they have been left by water. Sometimes the 
masses of material left by ao pe as 
glacier are called glacial drift. 

You have noticed water 
streaming from under masses 
of snow and ice as they melt. 
A similar thing happens when 
glaciers melt, except on a 
much larger scale. Glacial 
streams may be as big as 
rivers; therefore, they can 
wear away the land and carry 
away much of the material 
brought down by the glacier. 
They may even wash away the 
moraines themselves. Some- Pe a 
times when the ice melts, a Fic. 133. Here is a ridge of 
moraine is left like a dam __ glacial drift, material that has 
across a valley. Water collects been dropped bya glacier. Much 

; f of this will be carried away 
behind the moraine and forms 


by streams running down the 


one kind of glacial lake. Other _ slope. (Ewing Galloway, N.Y.) 











Fic. 134. These look like ordinary hills to you. They are really mo- 
raines that have been built up by glaciers. If you live in the part of 
the United States that was covered by the last glacier (see Figure 
135), you have seen moraines like these many times. | 


glacial lakes form in low places in glacial drift and in 
hollows that have been dug out by the ice. 

It is hard to see how a glacier could move out across 
hundreds or thousands of miles of almost level land and 
ride over the tops of high hills and low mountains. But 
scientists have found that Greenland is today almost 
covered by a glacier that moves in just that way. Near its. 
center the Greenland ice is a mile and a half thick. The 
great weight in the center causes the ice to flow outward 
toward the edges. The ice that once covered 4,000,000 
square miles of North America and a large part of 
Europe probably moved in the same way. The center 
of the glacier was far to the north in the cold Arctic 
regions. 

Glaciers have formed and changed the surface of the 
earth many times in its history. The last glacier melted 
away from the United States about 25,000 years ago. 
As you know, mountain glaciers are still found in the 
Alps of Europe, the Himalayas of Asia, and in our own 
Rocky Mountains. Of course there are glaciers in the 
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Fia. 135. The map above shows the parts of the United States and 
Canada that were covered by the last great glacier. See if the glacier 
reached as far south as you live. If it did, your favorite lake may 
have been dug out by it. 


North and South Polar regions. Some scientists believe 
that these glaciers are the remains of the glacial period of 
25,000 years ago. 
Self-Testing Exercises 

1. How is glacier ice formed? 

2. A mountain valley through which a glacier has passed 
looks different from a stream-cut valley near by. In what ways 
are they different and why? 

3. What are moraines? Where are they found? 

4. List the things that show where a glacier has been at 


work in the past. 
5. Why does the ice in a glacier that is not in a mountain 


valley move outward from its center? 


OW ARE ROCKS FORMED FROM ERODED MATERIAL? 

You have often heard of limestone and sandstone. 
But did you ever hear of shale and conglomerate? ‘These . 
four different kinds of rock, limestone, sandstone, shale, 
and conglomerate, are formed from materials that have 
been eroded and transported by water, wind, and ice. 
Because they are found in layers, or strata, they are 
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sometimes called stratified rocks. And because they are 
formed in part from sediment in the water, they are 
sometimes called sedimentary rocks. You can discover for 
yourself the characteristics of the different kinds of sedi- 
mentary rock. 


EXPERIMENT 20. What Are the Characteristics of the Common 
Sedimentary Rocks? For this study you will need samples of 
shale, limestone, and sandstone. These are the more common 
sedimentary rocks. Each piece of rock is called a specimen. 

a) Study the general appearance of each kind of rock. Do 
glass-like crystals show in any of the specimens? If so, in which 
ones? Which has the finest structure, that is, has the finest 
grains in it? Can you see shells of animals in any of the speci- 
mens? Use a magnifier in your study if you have one. 

b) Seratch each specimen with the point of a knife to test 
its hardness. Also try to scratch each specimen with a piece 
of glass. 

c) Wet each specimen and smell it carefully. 

d) Put a drop of hydrochloric acid on each kind of rock. 
Which one “‘boils”” up most vigorously? 


Limestone is usually light gray in color. It is formed 
at the bottoms of bodies of water, mainly from the shells 
and skeletons of animals. The sea animals (and some- 
times plants) take dissolved calcium compounds from 
the water and build it into their own bodies. When the 
animals die, their bodies fall to the bottom of the water. 
The soft parts decay, but the skeletons and shells gradu- 
ally build up the bottom. More and more material of 
the same kind settles on top, the pressure becomes greater 
and greater, and the whole mass of shells and skeletons is 
finally changed into a layer of rock. 

Calcium carbonate will give off carbon-dioxide gas when 
it is touched with an acid. You can use this test if you do 




















Fic. 136. Here are strata of two kinds of sedimentary rocks—lme- 
stone and shale. The light-colored layers are limestone. The strata 
of shale are broken up into narrow layers. 


not recognize limestone easily. However, marble, a kind 
of changed limestone, acts the same way. 

The other three kinds of sedimentary rocks are made 
from the various sizes of material deposited by water or 
wind. Sinking of the land, about which you will learn in 
Problem 4, allows these deposits to be covered with water 
and with more material washed down by the water. 
Water then soaks through the materials, carrying miner- 
als, while the material on top presses the lower layer 
closely together. Crystals of the dissolved minerals and 
the great pressure gradually fasten the pieces of gravel 
together to make conglomerate, the sand becomes sand- 
stone, and the mud becomes soft shale. 

The remains of plants and animals, called fossils, are 
often found in sedimentary rocks. It is easy to see how they 
eot into these rocks. The bodies of animals that died 
settled to the bottom of the sea where the limestone was 
forming. Or they were buried in mud or sand that later 
became shale or sandstone. The soft parts decayed, but 
the hard parts remained or were changed to stone. There 
we find them in the rocks today. Even the tracks of pre- 
historic reptiles are found preserved in the rocks. 
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Fic. 137. This is the fossil of a fish that lived thousands of years ago. 
It was found in rock in a region that is now much higher than the 
ocean. The presence of the fossil there tells us that this area must 
have been at one time under water. 


Under great heat and pressure far down in the earth 
sedimentary rocks are sometimes changed into harder 
kinds of rocks. Among these kinds of “‘changed”’ rocks 
are marble and slate. Marble is formed from limestone 
and sometimes shows the fossil shells from which it was 
made. Slate is formed from shale, which, as you know, 
is formed from mud. | 

HAT IS THE FINAL RESULT OF EROSION? You have 

been learning how the surface of the earth is being 
constantly eroded. Can you tell what will happen to a 
great body of land that is continually eroded by water, 
wind, and ice? Rivers and waves tear down the high 
places and leave the material at lower levels. For the 
most part ice does the same thing. Only wind is able to 
raise material to higher levels: But it cannot raise soil 
to a very high place. Dunes built by the wind are never 
more than a few hundred feet high. 

You can see, then, that a great continent with its 
plateaus and mountains is gradually worn down by 
erosion, and its materials are carried away into the 
oceans. Unless other changes occur, this wearing-down 
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process continues through millions of years until the 
streams flow too slowly to carry any eroded material. 
But other changes do occur—changes that lift up the 
surface of the earth. In Problems 3 and 4 you will learn 
how the land is raised to higher levels. 


Self-Testing Exercises 


1. Name three kinds of sedimentary rocks and tell briefly 
how each kind is formed. 

2. What kind of rock is sometimes changed into marble? 
Into slate? ) 


Problems to Solve 


1. Tell the story of how dune sand may be changed into 
fertile soil. 

2. How do waves help make sand dunes along an ocean 
or lake? 

3. Has your locality been covered by glacial ice? Ask ques- 
tions, read, and study the map on page 167 to answer this 
problem. If your region has been covered by a glacier, what 
evidence can you find in your locality? List the evidence. 

4. How is transportation of materials by ice like transporta- 
tion by water? How is it different? 

5. Weathering of rock is more rapid where the weathered 
part is removed from the rock as fast as it becomes weathered. 
Explain why. 

6. Which of the three kinds of erosion is now most impor- 
tant in the United States? Give your reasons. 

7. What kinds of rock are found in your locality? Gather 
specimens of the solid rock that underlies the soil. You can 
often find the rock exposed in the beds of streams, along hill- 
sides, or in quarries. Study the specimens and decide which 
kind or kinds of sedimentary rock you have found. Have your 
opinion checked by a teacher or by some other person who 
knows rocks. 
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Problem 3: 
HOW DO VOLCANOES CHANGE THE EARTH? 


OR CENTURIES people cultivated vineyards and led 
F thei cattle to pasture on the sides of a great mountain 
called Vesuvius, in Italy. Two ancient towns, Hercu- 
laneum and Pompeii, lay at the foot 
of the mountain. In the year 63 A.D. 
the whole region was shaken by a 
violent earthquake. Many of the 
beautiful buildings in Pompeu were 
destroyed, and many of the people 
were killed. 

In 79 a.p. more earthquakes oc- 
curred. The top of the mountain 
burst open, and a great cloud of 
poisonous gases rolled skyward and 
then spread over the country-side. 
A shower of stones and ashes from 
the mountain buried Pompei and 
Herculaneum so deep that they were 
ak 2) completely lost for more than 1500 
red en Wienba ole Coe: oC years Vesuvius was 
cano erupts many quiet; then again it poured out 
times, it slowly builds gases, ashes, and melted rock, or 
up a mountain that Jgyq, By the year 1150 there had 
may be thousands of ‘ : 3 
2h idk been eight great eruptions since the 

eruption of the year 79 A.D. 

By the year 1631 the mountain had been quiet so 
long that people again built their homes near it, and 
cattle grazed on grass that had begun to grow even 
in the crater. But that year another great eruption de- 
stroyed five towns and thousands of lives. Since then 
Vesuvius has been more or less active all the time, with 
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occasional great eruptions. In 1872 lava poured out of 
fourteen different openings in the voleano, and two vil- 
lages were destroyed. Again in 1906 a spurt of activity 
destroyed other towns. 

Such is the story of one great voleano. What causes 
these destructive explosions and outpourings of melted 
rock from down in the earth? Do all volcanoes erupt as 
‘ Vesuvius has done? Why do some volcanoes seem to 
have ceased erupting? Geologists have studied these and 
other problems about volcanoes for a long time. They 
have learned a great deal, but they have not yet learned 
the real causes of volcanic activity. Let us see what 
geologists have discovered about volcanoes and volcanic 
action. 

HY IS THE INSIDE OF THE EARTH HOT? In the first 

place, you would probably like to know what 
causes the great heat that melts rocks and sends out 
steam and poisonous gases. However, that is one of the 
things the geologists have not found out. Some geologists 
have thought that the heat is caused by the great pressure 
of the earth’s outer layers on the layers below. Or it may 
be heat that is left from the time when the earth was 
formed. In the last fifty years scientists have learned 
about radium and similar elements that give out heat 
energy all the time as they change into other substances. 
Thus it may be that the heat inside the earth is caused by 
these radioactive elements. 

Even though we do not know the cause, we do know 
that the earth gets hotter and hotter the farther down 
we dig into it. In deep mines and wells the temperature 
rises on the average one degree Fahrenheit for each 
fifty feet. At this rate the temperature forty miles down 
would be more than 4000° F. That is much hotter than 
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is necessary to melt the rocks. However, the pressure of 
the rocks above keeps most substances from melting at 
their usual melting temperatures. 

Scientists have other reasons for believing that most 
of the rock deep in the earth is not melted. They think 
that the rock may be plastic, or putty-like, so that it 
yields slowly to pressure, but the rock is probably not 
liquid. 

OW ARE IGNEOUS ROCKS FORMED? In some way masses 
H of rock do melt deep in the earth. Perhaps they do so 
because some change in the earth’s crust releases the pres- 
sure on them. When they have melted, the liquid rock 
begins to work its way toward the surface. Sometimes 
it never reaches the surface. Instead, it pushes its way in 
between layers of solid rock and begins to cool and 
harden. As it cools, crystals of several kinds of minerals 
may form. The more slowly they cool, the larger the 
crystals grow. | 

Here is an experiment that will show you how crystals 
erow. But instead of melting a substance to get crystals, 
you will dissolve the substance and then get the crys- 
tals by cooling. 

EXPERIMENT 21. How Are Crystals Formed? (a) Stir some 
copper sulphate or some powdered alum into a small vessel of 
hot water until no more will dissolve. Then heat the solution 
to the boiling point again and keep adding alum as long as it 
will dissolve. Remove the vessel from the fire and use a string 
to hang a small nail in the center of the vessel. Then set the 
vessel in cold water so that it will cool quickly. 

b) Repeat part a, but wrap the second vessel with many 
thicknesses of cloth or cotton and cover it so that it will cool 
as slowly as possible. 

After several hours study the results. Did crystals form in 
both vessels? In which are they larger? 




















Frc. 139. Many of the pebbles and boulders in glaciated regions are 
granite. Bed rock of granite is found in Canada, in the mountains of 
the West, along some of the Great Lakes, and in other places in the 
United States. 


In many places on the earth erosion has uncovered 
masses of rock that are made of crystals. The sedimentary 
rocks next to these masses show the effects of great heat. 
For these reasons geologists are quite sure that the crystal- 
lized rocks were melted and then hardened. Because they 
were formed by heat, they are called igneous rocks, which 
means “‘fire-formed”’ rocks. 

Granite is one of the most common igneous rocks. 
Granite is very hard, and it can be polished until it is as 
smooth and shiny as glass. It may be different shades of 
red, green, or gray, according to the kinds of minerals 
that are in it. You can usually see three different minerals 
in the form of crystals in granite. One kind, called mca, 
is clear and glistens. It is soft and flaky when scratched 
with the point of a knife. Another is quartz that looks 
like dull glass and is too hard to scratch with a knife. 
(See page 134.) The third, called feldspar, is duller and 
less transparent than quartz or mica. 
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Fia. 140. This block represents a section of the earth cut through a 
volcano to show its structure. At the upper left you will find a key 
to help you locate the lava and different kinds of rocks in the drawing. 
A sill is lava that pushes in between layers of sedimentary rock and 
hardens. A dike is formed when lava pushes up, fills a crack in rock 
layers, and hardens. 


There are several kinds of igneous rock in addition to 
granite. Igneous rocks are not usually found in layers, 


or strata, as sedimentary rocks are. Frequently you can — 


see crystals in them. The larger the crystals are, the 
more slowly the rock cooled while it was forming deep 
in the earth. 

OW ARE VOLCANOES FORMED? When the. melted rock 
H works its way close to the top of the ground, vol- 
canoes are formed. Often the melted rocks contain gases 
under great pressure. The pressure is released when the 
rocks above give way. The sudden expansion of the gases 
then causes explosions. Explosions may also be caused by 
steam from the water in the earth. These explosions blow 
the melted rock into pieces of different sizes and shoot it 
high into the air. Here it is cooled and hardened into 
volcanic ash and “‘cinders”’ that fall about the crater. The 
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Fic. 141. This is the way the dark lava that has flowed around 
Kilauea, a great volcano of Hawaii, looks. Many islands, including 
the Hawaiian Islands, have been built up by volcanic eruptions. 


melted rock may continue to rise and pour out on top of 
the ground as lava. Cinders, ash, and lava build up the 
mountains we call volcanoes. 

Some volcanoes remain active and erupt at intervals 
as Vesuvius has done. Others are closed by the cooling 
of the lava inside them and never again have an eruption. 
They are then said to be eatinct. Many volcanoes have 
never been active since man has known them. The eastern 
United States has no active volcanoes, yet extinct vol- 
canoes and lava flows are found in New Jersey and in 
other eastern states. 

You must not think that all lava comes from volcanoes. 
In several parts of the world in prehistoric times great 
cracks opened through the rocks, and lava poured out 
over wide areas. One such lava flow is found along the 
Columbia River in Washington, Oregon, and Idaho. 
The sheets of lava are from 500 to 3000 feet thick and 
cover more than 150,000 square miles. At one place, 
where the river has cut through the lava, thirty different 
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layers can be seen. There must have been thirty different 
lava flows in this one region. 3 

Do you remember how, in the story of Vesuvius, 
pastures and vineyards grew on the sides of the volcano 
within two hundred years after an eruption? This fact 
shows that the voleanic ash and lava weathered and 
changed into soil. It also shows that weathered lava makes 
rich soil. Much of the fertile farm and orchard land in 
Washington, Oregon, and Idaho has been formed from 
weathered lava. 


Self-Testing Exercises 


1. Tell briefly the story of Vesuvius. 

2. (a) How do we know the inside of the earth is very hot? 
Give at least two reasons. (b) Give three ways in which the 
inside of the earth may have gotten its heat. 

3. Explain briefly how masses of igneous rocks are believed 
to be formed in the earth. | 

4. How can scientists tell whether a specimen of igneous 
rock cooled slowly or rapidly? 

5. How are volcanic ash and cinders formed? 

6. Do all lava flows come from volcanoes? Explain. 


Problems to Solve 


1. Explain why igneous rocks do not usually show layers 
like those found in sedimentary rocks. 

2. Why are fossils never found in igneous rocks? 

3. Find some specimens of granite in your locality. Examine 
pebbles and boulders from the soil, paving blocks, and large 
buildings. If you think you have found some granite, have your 
opinion checked by someone who knows. Probably a shop that 
cuts and sells gravestones will give you chips of granite. 

4. What are some famous volcanoes besides Vesuvius? 
Read in reference books about Mt. Etna, Krakatoa, Mauna 
Loa, Pelée, Shasta, and Stromboli. | 





Fria. 142. It takes powerful forces to push solid rock, that has a 
thickness ranging from hundreds to thousands of feet, into mountain 
ranges like these. 

Problem 4: 

HOW ARE MOUNTAINS FORMED? 


OUNTAINS are great barriers to travel, and it is not 
M easy to grow crops in mountainous country. People 
who must live among mountains often suffer many hard- 
ships in an effort to find or raise enough food. Yet, in 
spite of these facts mountains have always interested 
and attracted people. In all parts of the world people by 
the thousands go to the mountains for change and 
recreation. Many men climb mountains for adventure. 
Almost every peak in the inhabited parts of the world 
has been climbed. But no one has ever reached the top 
of Mount Everest, the highest spot on the surface of the 
earth. That great pinnacle of the Himalaya Mountains 
reaches five and one-half miles into the air. 

Mountains present many puzzling facts to those who 
think. How were they made? Have they existed ever 
since the earth was formed, or has some change in the 
earth pushed them up miles above sea level? Some 
mountains are rough and jagged; others are round and 
smooth. Why? High on the side of Mount Everest, and 
on other mountains in different parts of the world, are 
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sedimentary rocks containing fossils. These rocks must 
have been made in the bottom of a sea! How did they 
get up so high? Why are the layers of rock tilted up on 
edge in some mountains and bent into great folds in 
others? Why are some mountains made of igneous rocks 
instead of sedimentary rocks? 

Geologists try to find the answers to these and other 
questions as they study the earth’s crust. Although they 
do not yet know just how or why some things happen, 
they have learned many things about how mountains 
are made. 7 

OW IS THE EARTH’S SURFACE RAISED AND LOWERED? 
Scientists have discovered many facts to prove that 
the earth’s land surface does not remain at the same level 
above the sea. The northern part of the Atlantic coast 
has been sinking (or the sea has been rising) during recent 
geological ages, that is, within the last 100,000 years. 
We know this because the valley of the St. Lawrence | 
River and the valley of the Hudson River extend out 
into the ocean beneath the water for hundreds of miles. 
Great gorges are found in the rock of the ocean floor. 
Through these gorges the rivers once ran. 

But these rivers could not possibly have dug valleys 
beneath the ocean. Instead, the rivers would tend to fill 
up the ocean near their mouths, as you learned in Prob- 
lem 2. Therefore, these undersea valleys must have been 
at one time above the level of the ocean. Then, either the 
land sank or the ocean water rose. Scientists have reasons 
for believing that the land sank. 

In the neighborhood of Lake Champlain, in New York, 
there is a beach now 500 feet above the lake. It is not a 
lake beach, either, for the shells in the sand are those of 
ocean animals, and the skeleton of a whale was once dug 








Fig. 143. Layers of sandstone and shale, that were almost level when 
made, have been bent downward as if by some giant hand. 


up in an inlet along the old shore-line. These facts show 
that much of New York was once lower than it is now, 
and that the ocean water once flowed over it. Sedimentary 
rocks also tell us that great areas of land were once under 
water because practically all sedimentary rocks were 
formed beneath bodies of water. Thus you can tell, 
whenever you see limestone, sandstone, or shale, that 
the places where you see them were once on the bottom 
of a sea. 

The rising and falling of the earth’s surface and other 
changes in the positions of rocks have been given a big 
name by geologists. These changes are called diastrophism. 
Scientists do not know the exact causes of diastrophism, 
but they are learning more and more about it. Many facts 
make them believe that there is a balance between the 
different parts of the earth’s surface. They have found 
that the rocks of continents are lighter than the rocks in 
the deepest parts of the ocean. The continents, they 
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Fic. 144. Geologists find almost every possible kind of bending and 
folding of the layers of sedimentary rock. Notice how ES: layers 
are bent upward into an arch. 


believe, were raised up by the sinking of the heavy rocks 
around them. This heavier rock sank deeper toward the 
center of the earth and pushed the lighter rock up to 
higher places. Thus, the heavier parts of the earth are 
balanced by higher masses of lighter rock in other parts 
of the earth. 

OW ARE ROCKS FOLDED AND BROKEN? The great 
H unknown forces that cause diastrophism seem to 
act in several ways. Sometimes they raise or lower the 
rocks in the earth’s crust. At other times they stretch the 
layers of rock. And more often the layers are pressed in 
from the sides, as shown in Figure 144. If you make a 
pile of long sheets of paper or strips of paper and push 
against the ends, what will happen? The layers of paper 
will bend upward in some places and downward in others. 
They will bend and fold over farther and farther until 
some of the layers are in the shape of an “‘S.”’ Rocks seem 
to behave in much the same way. 

As the rocks are bent and folded, great breaks may 
occur so that one part of the rock slides past another. 
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Fia. 145. This enormous crack in the earth was the result of an earth- 
quake in New Zealand. 


Sometimes one side is pushed over the other for miles. A 


break in the rocks where one side moves past the other is 


called a fawlt. But the rocks are not always pushed over 
one another at a fault. Sometimes the rock on one side 
moves up, and the rock on the other side moves down. 
Or a block between two faults may be pushed up higher 
than the rocks on either side. 

You have probably wondered what causes earthquakes. 
Not a year passes without several earthquakes being 
reported in the newspapers. Some of the quakes are 
caused by volcanic activity. Others are caused by dias- 
trophism. When a fault is made, the rocks do not seem 
to move slowly past each other. Instead they “stick” 
until the force becomes very great. Then there is a 
sudden jerk as the rocks slip past each other. This jerk 
starts the earthquake. 

One of the most disastrous earthquakes in America 
destroyed a large part of San Francisco in 1906. A crack 
in the earth three hundred miles long showed where the 
rocks had slipped. Geologists had known that a fault 
was located along the line of the crack. Fences that crossed 
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the fault were broken, 
and the two ends were 
moved sideways from 
each other until they 
failed to meet by as 
much as twenty feet. 
Possibly every large 
fault has caused many 
earthquakes. 

Now you can under- 


| | iumetia stand sssomerroieatne 
Fic. 146. The Sawtooth Mountains in h chet k 
Canada were formed by the lifting and i BRE Sh PAE REA TEESE 
the tilting of gigantic layers of rocks. mountains and moun- 


tain ranges. When a 
thick layer of the rock is bent upward, a range of folded 
mountains is formed. Or a fault may form, and the rocks 
on one side of the fault will be lifted up into a great 
sloping ridge. At other times the land between two faults 
is raised and tilted to form mountains called block moun- 
tains. When such changes lift a large area above its sur- 
roundings, the area 1s known as a plateau. 

Mountains, as we see them today, are not formed by 
movements of the earth’s surface alone. As soon as a 
part of the land begins to be lifted, erosion begins to 
tear it down and change its shape. Through the millions 
of years that the mountains are slowly rising, erosion is 
gnawing away at their tops and sides. The rocks that are 
easily destroyed are carried away. Layers and ridges of 
hard rock are left. Some mountains are only the hard 
parts of old plateaus or the ridges that have been left as 
streams carved out their valleys. 

The mountains of the West are rough and rugged 
because they are comparatively young. The rocks in the 
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mountains of New England show all the folding and 
wrinkling of rugged mountains, but these mountains are 
much older than those of the West. Therefore they have 


been worn down until they are rounded and low. 


Self-Testing Exercises 


1. Give some reasons for believing that land rises and sinks 
with respect to the level of the ocean. | 

2. Name at least four effects of diastrophism. 

3. By means of a diagram (or with modeling clay) show what 


a fault is. 


4. Draw a diagram to show how mountains may be pro- 


duced by folding and erosion 
of thick layers of rock. 

5. Name two causes of 
earthquakes. 


Problems to Solve 


1. How can you tell an 
ordinary mountain peak from 
a volcano? 

2. Tell the story of a block 
of limestone that is now 
perched high on one of our 
western mountains. 


3. Use clay, paper, or cloth 


to show how rocks are folded, 
as described on page 182. 

4. Draw a diagram to show 
how the heavy rocks beneath 
the ocean would cause light 
rocks to stand high in the 
continents. 

5. Find out some of the 
ways in which diastrophism 





Fie. 147. Lifting and erosion fre- 
quently uncover masses of igne- 
ous rocks that were formed far 
down in the earth. In time, all the 
softer sedimentary rocks are car- 
ried away, and a mass of granite 
or other hard igneous rock is left. 
Devil’s Tower, Wyoming, was 
formed in this way. 
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has changed the earth in the locality where you live. You 
should be able to see or think of some of the effects for yourself. 
6. Can you make a miniature earthquake? Find two books 
(or large wooden blocks) that “stick” a little when pressed 
together and pushed past each other. To represent a building, 
stand a narrow block or eraser on one of the books as it lies 
on or is pressed against the other. Push sideways gently on 
that book until it slips. What happens to your “building’’? 


LOOKING BACK AT UNIT 3 


1. Turn to the Table of Contents and find the list of prob- 
lems for Unit 3. With this list before you, write a short composi- 
tion in which you answer the question, “How Does the Earth’s 
Surface Change?’ Be sure that your answer includes the 
answers to all four problems of the unit. 

2. Make a list of the things you have learned in this unit 
that you think are most interesting and valuable to you. 

3. Show that you know the meaning of the following words: 


block mountain plateau loam stalagmite 
flood plain moraine quartz diastrophism 
ground water erosion delta sediment | 
igneous rock fault humus weathering 


ADDITIONAL EXERCISES 


1. Make a list of all the different ways in which rock is 
used in your locality. 

2. How are icebergs formed from glacier ice? 

3. How does erosion produce waterfalls? (Geology and 
physical-geography books will help you answer this and several 
of the following questions.) 

4. What are ox-bow lakes, and how are they formed? 

5. There are several different kinds of moraines. What are 
the different kinds, and how do they differ from one another? 

6. How much salt is there in a gallon of ocean water? 








Fic. 148. The Grand Canyon in Arizona tells geologists a fairly com- 
plete story of the earth. The Colorado River has cut the deep canyon 
revealing the wall of rock layers. Each layer was made under water. 
When something happened inside the earth, great mountains were 
made. Then water began to wear down the rock again. 


7%. Does salt in water make mud settle more quickly? Plan 
an experiment that will answer this question. 

8. The bottoms of some of the Great Lakes are below the 
level of the ocean. How could they have been eroded so 
deeply? 

9. Learn to read contour maps. This kind of map is used a 
great deal by geologists. You can find some contour maps in 
geology books and physical-geography books, together with 
explanations of their meaning. 

10. Write to the United States Geological Survey, Depart- 
ment of the Interior, Washington, D. C., to find if a contour 
map of your locality has been made. If so, obtain one and see 
what you can learn from it. 

11. Write to the State Department of Geology, at your state 
capital, for information about the geology of the place where 
you live. 

12. Collect articles from newspapers and news magazines 
about such happenings as earthquakes, floods, and volcanic 
eruptions. Make them into a carefully organized clipping 


187 


188 SCIENCE PROBLEMS, BOOK TWO 


book. Include maps on which you mark the place where each 
happening occurred. 

13. Prepare a “Book of Scenic Wonders” in which you 
collect information about such places as Grand Canyon, 
Mammoth Cave, and Yellowstone National Park and their 
geological history. 

14. Find out where the petrified forest is located and how 
it was formed. 

15. Do you think that rocks are being formed today? 
Where? 7 

16. In some regions when a farmer digs up a rock that is- 
rounded and rather soft on the outside, he says that the rock 
is growing. Do you think that opinion correct? Why? 











Fia. 149. In 1783 Jacques Charles, a French scientist, built a balloon 
that had most of the features of a modern balloon. It was made of 
varnished silk and was filled with hydrogen. It took four days to 
make enough hydrogen to fill it. Thousands of people gathered in 
Paris to watch the balloon rise with two men in it. In this unit you 
will find out what makes things rise in air and in water. 


UNIT FOUR 


UNIT 4 


WHY DO SOME THINGS RISE AND 
OTHERS SINK IN FLUIDS? 


INTRODUCTORY EXERCISES 

1. Make a list of materials that float in water and 
another list of materials that do not float in water. Try 
to think of a statement that will explain why some mate- 
rials float, while other materials sink. 

2. Steel does not float in water, yet boats can be made 
of steel. Explain. 

3. When an object is lowered into water, does its 
weight seem to become more or less or to remain the same? 
How do you know? 

4. How is a submarine made to Bamnerca and to rise 
to the surface at the will of the pilot? 

5. A large balloon filled with hydrogen can carry thou- 
sands of pounds of passengers and cargo. Is this load lifted 
by the hydrogen or pushed up by the air? Explain briefly. 

6. Which way does the air around a warm stove move? 
Why does it move in that way? 

*7. (a) What is the meaning of the word expand? Ot 
contract? (b) Do substances expand or contract when they 
get warmer? How do you know? 

8. Does the density of a substance become greater or 
less or remain the same when it contracts? Why do you 
think so? 

9. Imagine that you are heating some water in a dish 
pan with a Bunsen burner. Draw a diagram to show how : 
the water would move while it is being heated. Explain 
briefly why it would move as you have shown. | 
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Fic. 150. When the balloon of Captains Stevens and Anderson 
reached the height of 72,395 feet above sea level, it was 43,254 feet 
higher than Mt. Everest, the highest mountain. Scientific instru- 
ments were carried for learning about the stratosphere, or thin air 
above the earth. How could more than four tons of balloon and load 
be lifted to that great height? 


LOOKING AHEAD TO UNIT 4 


ABY JANE was having her bath. In the tub was a big 
B cake of white soap. Jane held the soap tightly with 
both hands, but it slipped out of her wet fingers and fell 
with a splash into the water. She reached for it and pushed 
it clear to the bottom of the tub before it slipped away 
from her again. This time, though, the soap bobbed up 
right under her nose. Of course, you know that gravity 
made the cake of soap fall into the water. But what force 
made the soap come up to the top of the water? 

At dawn on November 11, 1935, the largest balloon 
ever made rose slowly into the air from a great hollow 
in the ground near Rapid City, South Dakota. In the 
metal sphere that hung below the balloon were two army 
flyers, Captain Anderson and Captain Stevens. Just as 
the balloon passed over the edge of the hollow, it started 
downward. Anderson and Stevens desperately dumped 
out bag after bag of lead dust to lighten the load. Finally 
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Fic. 151. In 1877 John Holland, an Irish-American inventor, built 
the first submarine. It was about fifty feet long and looked like a 


cigar of steel plates. Compare it with the modern submarine shown in 
Figure 159, page 202. (Ewing Galloway, N. Y.) 


the balloon started upward again. It went up and up, 
until at noon the two men were looking at the earth and 
sky from the greatest height ever reached by man—13.71 
miles above sea-level. What force could hold them so high 
in the air? 

At Christmas time Uncle Dave gave Bob and Mary a 
half dollar to buy new ornaments for their tree. Some of, 
the ornaments they bought were little shades for the 
lights on the tree. But these were no ordinary shades! 
Each one had a little windmill arrangement at the top. 
When the lights were turned on, the camels of the Wise 
Men and Santa Claus’s reindeers traveled round and 
round. What force made the shades turn? Why did they 
stop when the lights were turned off? 

The force that was acting in each of these incidents 
was the same—gravity. In Unit 2 you learned much about 
gravity, but it seemed always to pull things down. How 
can it lift a cake of soap in water, a great balloon into the 
sky, or make a little Christmas-tree ornament go round 
and round? Read this unit thoughtfully and do the experi- 
ments carefully. Then you will see how gravity, pulling 
downward, can make things go up. 
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Problem 1: 


WHY DO SOME OBJECTS FLOAT AND OTHERS SINK? 


SUBMARINE is a strange boat. Sometimes it travels 
A along the top of the water like any other boat. At 
other times all openings are closed, and it sinks beneath 
the surface. It may not come up again for many miles, 
yet when the captain gives the word, it rises to the sur- 
‘face again. The submarine can do these things because 
the men who made it and the men who run it understand 
one of the laws of science called Archimedes’ Principle. 
You can understand it, too, if you will study Problem 1 
with care. | 

HY IS AN OBJECT EASIER TO LIFT WHEN IT IS IN 

WATER? More than two thousand years ago a very 
wise man, named Archimedes, was given a problem by his 
king. Archimedes was to tell the king whether his new 
crown was made of pure gold, but he was not to injure 
the crown in any way. Archimedes decided that the best 
way would be to find the density, or weight per cubic inch, 
of the crown. Gold has a greater density than any other 
metal that was known in those days. Hf silver had been 
mixed with the gold of the crown, the density would have 
been less than that of gold. 

To find the density of the crown, Archimedes needed 
only to find the weight of the crown and the number of 
cubic inches of metal in it. To find the weight of the 
crown was easy. But the crown had such an irregular 
shape that he could not think of any way to measure the 
number of cubic inches in it. While taking a bath one 
day, he noticed that the water rose in the bathtub when 
he got into it. His great mind quickly saw that he had 
found the answer to his problem and that he had dis- 
covered another great law of nature. What Archimedes 





Fic. 152. Apparatus for Experiment 22 


discovered you can discover by doing the next two experi- 
ments. 

ExpEeRIMENT 22. How Does the Weight of a Stone in Avr 
Compare with Its Weight in Water? (a) Tie a thread or string 
about a stone of convenient size. Hang the stone on a spring 
balance marked in grams. Find the weight of the stone in air. 

b) Then lower the stone into a jar or pan of water so that 
it is entirely covered but does not touch the jar (Figure 152). 
Does it weigh the same as it did in air? What does its weight 
seem to be? How many grams did the stone seem to lose? 

EXPERIMENT 23. How Does the Weight Lost by a Stone in 
Water Compare with the Weight of the Water It Dvsplaces? 
(a) Fill a large graduated cylinder (Figure 153) half full of 
water and notice carefully the number of cubic centimeters of 
water you have. (Be sure to use the mark that is even with the 
level part of the water, not the one at the curved-up edge.) 
Lower the stone used in Experiment 22 into the water in the 
cylinder. Read the number of cubic centimeters of space filled 
by both the water and the stone. Find out how many cubic 
centimeters of space the stone fills. 


194 


UNIT 4. FLOTATION 195 


b) One cubic centimeter of water weighs one 
gram. How many grams of water were pushed 
aside or displaced by the stone? How many 
grams of weight did the stone lose when it was 
in the water? How do the two figures compare? 

c) Repeat Experiments 22 and 23 with two 
or three other stones or convenient objects 
that will neither float nor absorb moisture. 
-What is your answer to the problem of this 
experiment? 


Perhaps you have never tried to lift a large 
stone out of a pond of water and noticed how 
its weight seemed to change when it came 
up into the air. The first of your experiments 
shows that a stone really does seem lighter 
in water than in air. Can you tell why this 
is true? 

If your measurements in Experiments 22 and 23 were 
carefully made, you probably found that the weight lost 
by your stone was, as nearly as you could tell, equal to 
the weight of the water it pushed aside when you lowered 
it into the cylinder. 

Do you see, now, what Archimedes found out? He saw 
that the water lifted his body with a force that was just 
equal to the weight of the water which had filled the space 
where his body was. In other words, if his body pushed 
aside two cubic feet of water, then his body was being 
lifted by a force of 124.8 pounds. (Water weighs 62.4 
pounds per cubic foot.) His body weighed 124.8 pounds 
less in the water. 

When Archimedes saw this, it was easy for him both 
to weigh the crown and to find how much metal there 
was in it. All he had to do was to weigh the crown on a 





Fie. 153. Ex- 
periment 23 
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pair of balances, then lower it into water and weigh it 
again. The loss in weight would tell him the number of 
cubic inches of metal in the crown. 

It is said that Archimedes was so excited when he saw 
how to solve his problem that he ran all the way home, 
shouting “Eureka” (I have found it) as he went. The 
principle that he discovered has ever since been called 
by his name. Archimedes’ Principle is stated in this way: 


Any object placed in a fluid is buoyed up (pushed upward) 
by farce equa Fhe weigh of the fluid that it displaces. 
(A fluid is a substance that will flow. Water and air are 
both fluids.) ? 

Exact experiments show that Archimedes’ Principle 
is true. But why is it true? How can water lift up a stone 
that is placed in it? 

To understand the answer to this problem, you will 
need to recall what you know about pressure in liquids. 
In the first place, we know that any liquid pushes in all 
directions (page 89). That is, when the stone was under 
water, the water was pushing up on the bottom, down on 
the top, and against the sides. In the second place, the 
deeper anything goes into a liquid, the greater the pres- 
sure becomes. (See page 92.) The bottom of the stone 
was farther down in the liquid than the top. Thus the 
water pressed up harder on the bottom than it pushed 
down on the top. The extra force on the bottom tended 
to push the stone up and make it easier to lift. Careful 
measurements show that the extra force that tends to 
overcome the gravity of the stone is just equal to the 
weight of the water that would go in the space the stone 
occupies. 

To see clearly what this principle means, imagine that 
you have a block of stone which contains exactly one 
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Fia. 154. If a cubic foot of stone weighing 130 pounds is held under 
the surface of the water, the upward force of the water will be less 
than the downward pull of gravity. When the block is released, it 
will sink in the water. 


cubic foot. The cubic foot of stone weighs 130 pounds. 
Water weighs 62.4 pounds per cubic foot. Now you lower 
the stone into water. The stone pushes aside one cubic 
foot of water. It seems to get 62.4 pounds lighter. Your 
stone would seem to weigh only 67.6 pounds (130 pounds 
minus 62.4 pounds). 

Gravity is pulling down with a force of 130 pounds 
on the stone. But at the same time gravity is making 
the water push up on the bottom of the stone 62.4 
pounds harder than it is pushing on the top of the stone. 
The pull of gravity on the stone wins, and the stone 
sinks in the water. In the same way any object will sink 
in a liquid if it weighs more than the liquid it displaces. 


Self-Testing Exercises 


1. Tell why Baby Jane’s soap came to the top of the water, 
as described on page 191. 

2. There are two cubic feet of iron in a certain bar. How 
much weight would the bar seem to lose in water? 

8. What is Archimedes’ Principle? Give an example of the 
way this principle works. 
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Problems to Solve 

1. Many people think that when 
a ship sinks, it goes only part way 
to the bottom of the ocean. Is this 
true or not? How do you know? 

2. Some boys were clearing out 
the bottom of a stream to make a 
swimming pool. They discovered 
a large stone in the bottom. They 
could lift it to the surface of the 
water, but they could not lift it out 
of the water. Explain. 


HY DO SOME OBJECTS FLOAT 

\¢ IN LIQUIDS? Of course, you 
know that some things float. This 
also is caused by a “contest” be- 
tween the weight of the liquid 


Fic. 155. Apparatus for ex- and the weight of the object. Let 
periment 25 us see how this contest works. 





Experiment 24. How Can a Piece of Dense Metal Be Made 
to Float in Water? (a) Obtain two pieces of tin-foil, each about 
three inches square. Roll one piece into a ball and drop it into 
a pan of water. Does it sink or float? Why? 

b) Fold the second piece of tin-foil into a shallow box-like 
shape. You can do this easily by pressing it around the end 
of a block two inches square. Remove it from the block and 
place it bottom downward on the water in the pan. Does it 
float or sink? Why? 

EXPERIMENT 25. How Does the Weight of a Floating Object 
Compare with the Weight of the Water It Displaces? (a) Put 
just enough sand in a test-tube to make it float upright in 
water. Dry the tube carefully and find the weight of the tube 
and the sand in grams. Fill a 100-cubic-centimeter graduated 
cylinder about half full of water and record the exact number 
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Fic. 156. If a cubic foot of wood weighing 31 pounds is held under the 
surface of the water, the upward force of the water will be greater 
than the downward pull of gravity. When the block is released, it will 
rise to the point where the upward and downward pressure are equal. 


of cubic centimeters of water it contains. Lower the weighted 
tube carefully into the water in the graduated cylinder and 
notice what happens to the water. 

How many cubic centimeters does the water rise? Compare 
the weight of this number of cubic centimeters of water with 
the weight of the tube and the sand before they were placed 
in the water. 

b) If you wish to do so, drop a five-gram weight into the 
test-tube and measure the rise of the water in the tube. Con- 
tinue to add weights and measure the displacement until the 
water reaches almost to the top of the test-tube. 


Blocks of wood, tin cans, stoppered glass bottles, and 
steel ships all float in water. Some may even float with 
the larger part of them above the surface of the water. 
Can you explain why they all float, even though pieces 
of steel, glass, and tin will sink? 

Let us begin with the block of wood. A cubic foot of 
pine wood weighs only about one-half as much as a 
cubic foot of water; that is, it weighs about 31 pounds. 
When a cubic foot of wood is placed under water, there 
is a push of water on the bottom of the block. This 
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Fic. 157. The white num- 
bers on the bow of this 
liner tell how many feet 
of water it displaces. The 
amount of water displaced 
varies with the cargo. 


push that lifts the block against 
gravity is 62.4 pounds. Gravity 
pulls down on the block with a 
force of about 31 pounds. The 
water wins the “push of war,” 
and the block must go upward 
until it stands above the surface 
of the water and displaces only 
about one-half a cubic foot of 
water, because one-half a cubic 
foot of water weighs about. 31 
pounds. In the same way any 
material that weighs less per 
cubic foot than a liquid will 
float in the hquid. 

But what about iron and glass? 
They are denser than water, yet 
they can be made to float. You 
probably know that the cans, 
bottles, and steel ships that float 
are all “‘hollow.’? When they are 
placed in the water, they push 


aside a much larger weight of water than the material in 
them weighs. Archimedes’ Principle is true here also. 

When a hollow steel ship is launched, it sinks until it 
displaces enough water to equal its own weight. Then it 
stops sinking because the force of the water on the bottom 
is equal to the pull of gravity on the ship. If it should sink 
deeper, the force pushing up on the bottom would become 
greater, and the ship would be pushed upward until the 
two forces were equal. When the ship is loaded at the 
wharf, it sinks into the water until the additional water 
displaced just equals the weight of the cargo. 
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When you read about the great 
ships of different countries, you are 
told about their displacement. What 
does displacement mean? And why 
is the displacement of a great ship 
like the Queen Mary important? 
When a ship floats, it pushes aside, 
_or displaces, just as many tons of 
water as it weighs. Thus the dis- 
placement of a ship is really the 
same as its weight. 

Have you ever seen the little 
floating instrument, called a hy- 
drometer, that is used to test the 
storage batteries in automobiles? 
As a battery is charged with elec- 
tricity, the density of the sul- 
phuric-acid solution in it increases. 
As the battery “runs down,” the 
solution becomes less dense. The 
hydrometer is a glass tube with 
a weight in one end so that it will 
float upright in a liquid. (The 





Fic. 158. Hydrometers 
are used for measuring 
the density of anti-freeze 
and alcohol solutions in 
auto radiators and for 
many other practical pur- 


poses. 


weighted test-tube you used in Experiment 25 could be 
used for the same purposes as a hydrometer.) 

When the sulphuric-acid solution is dense, the tube 
sinks far enough to displace its own weight in the solu- 
tion. When the solution becomes less dense, the hydro- 
meter must sink farther to displace enough hquid to equal 
its own weight. Numbers on the scale tell the density. 
From these numbers the persons using the hydrometer 
can tell whether the storage battery needs to have more 


electricity sent through it. 
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Fic. 159. The modern submarine may be over 350 feet long and have 
a displacement of over 3000 tons. It can travel at a speed of thirty 
to thirty-six nautical miles (6080 feet per mile) an hour on the surface 
and fifteen miles an hour below the surface. 





Fic. 160. This submarine has let some of the sea water into its diving 
tanks and has begun to sink below the surface of the water. This sub- 
marine is unusual in that it carries an airplane in a water-tight 
hanger on top. 


You can now understand that any body that sinks in a 
liquid weighs more per cubic foot than the liquid. Any 
body that floats weighs less per cubic foot. By measuring 
how far a floating body like a battery-tester sinks in a 
liquid, we can measure the density of the liquid. 

Now let us return to the problem of the submarine. 
Why does it sometimes float on the water and sometimes 
sink below the surface? You know that when the sub- 
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marine is floating on the water, it must be less dense than 
water. It is less dense because of its hollow steel body. 
However, the boat is made with several “diving tanks” 
in it. These are compartments into which the water 
may be allowed to run and from which it can be pumped 
out. When the command to dive is given, water is allowed 
to enter the diving tanks until the boat becomes just 
about the same weight as the water it displaces when it 
sinks below the surface. The submarine can then move 
through the water at any depth down to about two 
hundred feet. 

Special diving rudders are used to guide the boat up- 
ward or downward as _ it 
moves through the water. 
When the captain wishes to 
have the boat come to the 
surface, air is pumped into 
the diving tanks. This air 
pushes the water out, the 
submarine becomes lighter, 
and the water pushing 
against its lower side sends 
it to the surface. 

The men who work under 
water in diving helmets and 
waterproof diving — suits 
must use a knowledge of 
Archimedes’ Principle. A 
Mamecepodysisejust a httle@ = on: | 
denser than water. With Fie. 161. This diver was photo- 


, graphed while repairing broken 
the lungs full of air, almost pipes in a swimming pool. Notice 


anyone will float. With the — the heavy lead soles on his shoes. 
lungs empty of air, or full (Ewing Galloway, N. Y.) 
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of water, almost anyone will sink. When a diver starts 
down into the water, his suit is filled with air. Even 
though the helmet is heavy, he will barely sink, or he 
may even float. To carry him down and help him walk 
firmly on the bottom, the diver must have shoes with 
heavy lead soles and, in addition, lead weights fastened 
about his body. 


Self-Testing Exercises 


1. When an object floats on water, what do you know about 
its density? , 

2. Steel sinks in water, but steel ships float. Tell why. 

3. Many life-boats on ocean ships have air-tight hollow 
spaces in their sides. How does this kind of structure make 
the life-boats safer? 

4. What does a hydrometer tell about a liquid, and how 
does it tell it? 





Fic. 162. An iceberg may be 250 to 300 feet above the surface of the 
water. But this is only about one-eighth to one-tenth of the whole 
iceberg. For this reason icebergs are a deadly peril to ships in the 
North Atlantic. The U. S. Coast Guard cutter is on duty to guide 
and to aid ships. (Ewing Galloway, N. Y.) 
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Fic. 163. A certain wrecked submarine was to be raised. Divers sank 
large tanks that were full of water and chained them to the wreck. 
Then the water was forced out of the tanks, and the sunken submarine 
came to the surface. Explain why this plan worked. 


Problems to Solve 


1. Mercury weighs 849 pounds per cubic foot; gold, 1194 
pounds; iron, 487 pounds; platinum, 1204 pounds; and silver, 
655 pounds. Which metals would float in mercury, and which 
would sink? 

2. Does ice float or sink in water? What does this tell you 
about the density of ice as compared with that of water? 

3. (a) Explain how a submarine uses Archimedes’ Principle. 
(b) What is done to bring a submarine to the top of the water? 
Why does this plan work? 

4. (a) If a ton of goods is loaded on a ship, how much water 
will be pushed aside by the settling of the ship? (6) How many 
cubic feet of water will be pushed aside? (A cubic foot of water 
weighs 62.4 pounds. ) 

5. A stone weighs 135 pounds in air but 73 pounds in water. 
How many pounds of water does the stone displace? How 
many cubic feet? 

6. If your body just floats in fresh water, about what is its 
average density? The volume of your body is how many cubic 
feet? 
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7. How could you use the test-tube weighted with sand for 
Experiment 25 to tell whether a liquid is more or less dense 
than water? 

8. Make a toy “‘submarine” for yourself. Get a large bottle 
or jar and a small bottle or test-tube that will go inside the first 
one. Fill the large bottle or jar with water. Put some water in 
the small bottle and turn it upside down in the large bottle. 
To be successful, the small bottle must just float in the large 
one. You may need to make several trials to get it just right. 

Now see that the large bottle is completely full of water. 
Then cover its mouth tightly with a piece of thin rubber (a 
piece of toy balloon or old rubber glove), and fasten it there 
with string or rubber bands wound tightly around the bottle. 
To make the little ‘“‘submarine”’ dive, you need only press gently 
on the rubber cover of the bottle. By pressing with more or 
less force, you should be able to make the little bottle obey 
your commands. Explain why it goes up and down as it does. 


HY DO BALLOONS RISE IN THE AIR? Have you ever 
\¢ seen a great passenger balloon floating in the air? 
The huge cigar-shaped balloons, called dirigibles, are built 
about a framework of aluminum alloy. Within the frame- 
work are large silk and rubber bags that are filled with a 
gas. Inside the balloon are also fuel tanks, rooms for the 
crew and passengers, and passageways from one part to 
another. Suspended on the outside are several motors 
with propellers to drive the balloon through the air. 

The great airship Hindenburg, which made many trips 
across the Atlantic Ocean before it burned in 1937, was 
more than 800 feet long. With crew and equipment it 
weighed 430,000 pounds, and it carried a load of 42,000 
pounds. Yet this great mass of material floated in the air 
almost as easily as the toy balloons you buy at the circus. 
How was this possible? 

In Unit 2 you learned that air has weight. Any object 
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Fia. 164. This is a dirigible, more than 800 feet long, tied to its moor- 
ing mast. The white spots on the side are two of its powerful motors. 
A dirigible differs from an ordinary balloon in that its flight can be 
directed by means of its motors, propellers, and rudders. 


in the air must behave according to Archimedes’ Principle. 
That is, it will be pushed upward by a force equal to the 
weight of the air that it displaces. This is true because the 
air pressure on the bottom of the object is greater than 
that on the top (page 104). 

We do not notice this lifting force on a dense object 
such as a brick. But when a balloon is filled with a gas 
that is less dense than air, the air around the balloon 
pushes upward on the balloon harder than the balloon with 
the gas inside it is pulled downward by gravity. Thus the 
extra upward force of the air on the bottom lifts the 
balloon. 

Toy balloons that rise in the air are usually filled with 
hydrogen. Many large balloons also are filled with hydro- 
gen. One thousand cubic feet of hydrogen weigh about 
5.6 pounds, but 1000 cubic feet of air at the surface of 
the earth weigh about 87.9 pounds. From these facts 
you can see that 1000 cubic feet of hydrogen in a balloon 
on the ground will be pushed upward by the air around it 
with a force of 82.3 pounds (87.9 lb.—5.6 lb.). Thus, 
with a balloon holding 1000 cubic feet of hydrogen, the 





Fic. 165. International balloon races are held each year in different 
countries. These American balloons are getting ready to take part 
in a race at Brussels, Belgium. The balloons are held down by sand 
bags while being filled with hydrogen. (Ewing Galloway, N. Y.) 


air will lift 70 pounds of rubber and cloth and also a load 
of twelve pounds. 

The gas-bags of the Hindenburg fennel more than 
7,000,000 cubic feet of air. This much air weighs about 
507,200 pounds. The hydrogen that filled the balloon — 
weighed about 35,200 pounds. The air on the outside of 
the gas-bags thus pushed up on them with a force that 
was 472,000 pounds more than the weight of the gas inside. 
Since the great balloon itself with all its equipment and 
with its crew weighed about 430,000 pounds, the balloon 
could still carry a load of 42,000 pounds in passengers and 
goods. 

However, a balloon full of hydrogen is a rather danger- 
ous companion on a journey. Any spark is likely to set 
some leaking hydrogen on fire. (A spark and leaking 
hydrogen got together in the case of the huge Hinden- 
burg.) Fortunately there is another gas, heliwm, that does 
not burn and therefore can be used with greater safety. 
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Helium is now used in some of the large balloons. This 
gas is denser than hydrogen (1000 cubic feet weigh about 
11.2 pounds) and more expensive, yet the advantage of 
safety with helium is often greater than its disadvantages 
of added density and cost. 

A balloon floating in air is different in one very 1m- 
portant way from a boat floating in water. It does not 
_ go all the way to the top of the air. Why is this true? To 
understand the answer to this question, you must remem- 
ber that the air near the earth has a greater density than 
the air high above the earth (page 105). That is, the 
weight of the air per cubic foot gets less and less as we go 
higher and higher. The upward push of the air on a bal- 
loon depends on the weight of the air it displaces. 

As it goes up, a balloon may displace 1000 cubic feet 
of air all the time. However, at the height of a mile, 
1000 cubic feet of air weigh much less than the same 
amount of air weighs at the surface of the earth. When a 
rising balloon gets to the height where the weight of the 
air it displaces is equal to the weight of the balloon (in- 
cluding the gas in the balloon), it stops rising. 

The men who go up in large balloons, like the strato- 
sphere balloons, have two ways to control the rising and 
sinking of their balloons. These two ways are: (1) throw- 
ing out something to make the balloon lighter; (2) letting 
some of the gas escape from the bag so that it will not be 
pushed up so hard by the air. The stratosphere flyers 
carried a large amount of powdered lead for ballast. 
Some balloonists carry bags of sand for the same purpose. 
When they want to rise higher, or when they want to stop 
sinking, they pour out some of the ballast. If they wish 
to stop rising or to descend, they let some gas out of the 
balloon. 


Self-Testing Exercises 


1. (a) Is the pressure of 
the atmosphere greater a- 
gainst the bottom or the top 
of a balloon? (6) What causes 
the difference? (c) Why is 
this difference important to 
passengers in a balloon? 

2. Why are toy balloons 


: cer es abel ran nla baragernee 
Fic. 166. When the pilot of this bal- 3. Explain why the diri- 


loon wants to go higher, he will drop ; 
Porie ofiilic candina cout Huestrale gible balloon, the H inden- 
loway, N. Y.) burg, in addition to its own 


weight, was able to lift a 
load of about twenty-one tons against the force of gravity. 
4. If soap bubbles are blown with the gas burned in labora- 
tory burners and in stoves (illuminating gas), these bubbles will 
float up toward the ceiling. What does this tell you about the 
density of illuminating gas? 
5. What determines how far up a balloon will go? How does: 
the balloonist control the rising and sinking of the balloon? 





Problems to Solve 


1. A pound of sugar was very carefully weighed in a labora- 
tory. Then it was placed inside a glass jar on a very sensitive 
balance. The air was pumped out of the jar. Did the sugar 
seem to gain weight, lose weight, or remain the same while 
the air was being pumped out of the jar? Give reasons for your 
answer. 

2. (a) A can filled with hydrogen was weighed in the air 
and again in a vacuum. Where did it seem to weigh more? 
Why? (b) Did the balance in the vacuum show the true weight 
of the can and the hydrogen? How do you know? (c) After 
the hydrogen was let out of the can, the can alone was weighed 
in a vacuum. Did it weigh more than, less than, or the same 
as it did when filled with hydrogen and in the vacuum? 
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3. In a certain experiment soap bubbles filled with air were 
allowed to settle into a jar that was apparently empty. The 
bubbles went only part way down in the jar and floated there 
for some time. What does this tell you about the gas in the 
jar? 

4. A balloon holds 12,000 cubic feet of hydrogen gas. The 
balloon with all its equipment weighs 900 pounds. How many 
pounds of crew, passengers, and ballast can it support? 


Problem 2: 
HOW DOES GRAVITY CAUSE WATER AND AIR TO CIRCULATE? 


OW DO FLUIDS MOVE WHEN THERE ARE DIFFERENCES 
H OF TEMPERATURE? You have probably noticed that 
the air around a radiator or stove is always moving up- 
ward. The smoke of a fire almost always goes upward. But 
have you noticed that both water and air begin to move 
almost every time there is a slight difference of tempera- 
ture between two places in these fluids? Let us watch the 
circulation in a few such places. 


EXPERIMENT 26. How Does Warm Water Behave in Cold 
Water? Obtain a wide-mouthed bottle that will hold about one- 
half pint. Have a stopper chi — 
to fit. A wooden plug will _ 
do. Fit tubes in two holes 
in the stopper, as shown 
in Figure 167. Have these 
tubes as large as convenient. 
Put a few drops of ink in 
the bottle, fill it to the top 
with hot water, and put the 
stopper in tightly. Gently 
lower the bottle into a jar 
or bucket filled with cold 
water. Be sure the water . 
in the large vessel reaches Fic. 167. Experiment 26 
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above the top of the outer tube. Where does the warm water 
go? What goes into the bottom of the bottle? 

EXPERIMENT 27. How Does Cold Water Behave in Warm 
Water? Use the bottle you prepared for Experiment 26. Fill 
the bottle with cold water containing a few drops of ink. Put 
your finger over the hole in the stopper and turn the bottle 
upside down in the jar or bucket filled with hot water. (A wire 
fastened to the bottle as a handle will make it much easier to 
do this experiment.) Where does the cold water go? What goes 
into the bottom of the bottle? 

EXPERIMENT 28. Which Way Do the Cold Parts of Ai Move? 
(a) Plan some way of producing smoke or white fumes. Glow- 
ing punk, incense, joss sticks, or cotton cord will give small 
amounts of smoke. A bit of cotton wrapped about a stick and 
moistened in strong ammonia will cause white fumes when 
brought near a similar piece of cotton moistened with concen- 
trated hydrochloric acid. Put some of the smoke or fumes near 
a cold window-pane or a block of ice or a cold brick brought in 
from outdoors. 

b) If you have a refrigerator, open the door. Hold your hand 
just outside and below the opening of the refrigerator. Then 
hold your hand just outside and above the opening. Where do 
you find the cold air going? You may wish to hold a burning 
candle at the top of the refrigerator opening and then at the 
bottom to see which way the air is moving. 

EXPERIMENT 29. Which Way Does Warm Arr Move? Place 
some smoking material near a hot stone or brick, near a hot 
radiator or stove, or near any hot objects you can find. Which 
way does the air move? 


If you will keep your eyes open, you will notice many, 
many examples of circulation similar to those in your 
experiments. Whenever you open an outside door in cold 
weather, the cold air pours in and flows along the floor, 
and warm air flows out the top. Most of the time there is 
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a little current of air rising 
around our bodies and carry- 
ing heat away from us. Scientists 
eall all these currents in fluids 
convection currents. 

From the way hot air acts, 
people have come to say that, 
“Hot air rises.’ Most people 
have a feeling that the earth has 
actually lost its pull on the hot 
air and hot water that move 
upward. Careful study of what 
is really going on in such cases 
soon shows that air and water do 
not really lose weight when they are heated and regain 
it when they get cool. Can you explain what does happen? 

OW DO HEATING AND COOLING CHANGE THE DENSITY 
H OF AIR AND WATER? To understand just why fluids 
circulate when they are heated, you must have clearly 
in mind what happens to the density of fluids such as air 
and water when they are heated and cooled. Does a bottle 
full of hot water weigh more or less than the same bottle 
full of cold water? If you are not sure of the answer to 
this question, you can make sure by doing a simple 
experiment. 





Fic. 168. Convection cur- 
rents around a warm radia- 
tor 


ExpPermMent 30. Which Weighs More, a Bottle Full of Hot 
Water or the Same Bottle Full of Cold Water? Get a milk bottle 
and fill it completely with hot water. (First warm the bottle 
slowly to avoid breaking it.) Cover the mouth of the bottle 
with a small piece of glass and see that there are no bubbles 
beneath the glass. Wipe off any water on the outside and place 
the bottle full of water on a balance (Figure 169). 

Pour sand into a can on the other side (or use weights) 





Fic. 169. Apparatus for Experiment 30 


until the two sides are just even. Leave the sand or weights 
on the balance while you fill the bottle with cold water, 
cover it with the same piece of glass plate, and dry the out- 
side. Put the bottle of cold water on the balance. What 1s 
the answer to the question of your experiment? . 


Here is another experiment that will help you to 
understand why heating water changes its density. 


EXPERIMENT 31. Why Is the Weight of a Bottle of Hot Water 
Different from That of a Bottle of Cold Water? Fill a flask or a 
tin can with a small opening level-full of water. Be sure that 
there are no air bubbles at the top. Heat the water and watch 
the mouth of the vessel to see what happens. Continue heating 
until the water gets quite hot, but do not boil it. Then put a 
piece of glass over the mouth of the vessel to prevent evapora- 
tion and set it aside until the water becomes cool. Can you get 
as much hot water in a bottle as you can cold water? 


~ When air or water is heated, the molecules bounce 
around more vigorously and knock one another farther 
apart. Thus, the molecules of a pound of warm water or 
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warm air occupy more space than when they are cool. 
If you put water or air into an open bottle and heat it, 
you can easily see that some of the fluid is pushed out 
as it becomes warmer. We say that the fluid expands. 
Thus a bottle filled with warm water weighs less than 
the same bottle filled with cold water. This is true not 
because the water has lost weight, but because we cannot 


|. get as much water in the bottle when the water is hot as 








when it is cold. 

Of course it makes no difference whether you heat the 
water or air inside or outside a bottle. Whenever a sub- 
stance is heated, it expands. It weighs the same, but it 
takes up more room. For this reason warm water is less 
dense than cold water, and warm air is less dense than 
cold air. People who do not know what density means 
usually say that hot water is “lighter” than cold water 
or that cold water is “‘heavier’’ than hot water. However, 
you know that a pound of water still weighs a pound 
after it is heated; it merely takes up more space. 


Self-Testing Exercises 


In each exercise you are to decide which word or phrase in 
parentheses makes the statement correct. In the first exercise 
you are also to supply a word for the blank space. 

1. A gallon of warm water weighs (more) (less) than a gallon 
of cold water because water ............ when it is being heated. 

2. When water is cold, you can get (more) (fewer) (the same 
number of) molecules in a bottle. 

3. The density of hot water is (greater than) (less than) that 
of cold water. 

4. The density of cold air is (greater than) (less than) that 
of hot air. 

5. In hot water or hot air the molecules are (closer than) 
(farther apart than) in cold air or water. 


HY DO THE COLD PARTS OF 
WATER AND AIR MOVE DOWN- 
WARD AND THE WARM PARTS UP- 
WARD? In your experiments you 
have seen how warm water and air 
and cold water and air move. Prob- 
ably you have already decided that 
these are just cases of floating and 
sinking like the ones you learned 
about in Problem 1. A cubic inch of 
warm water weighs less than a cubic 
inch of cold water that is near it. 








Fic. 170. The move- 
ment of air currents in 
one kind of refrigera- 


tor Gravity pulls the cubic inch of cold 
water downward harder than it pulls 
on the cubic inch of warm water. Therefore the cold 


water moves downward, flows under the warm water, 
and pushes it upward. The cold water sinks below the 
warm water; the warm water floats above the cold 
water. 

In just the same way gravity pulls downward harder on 
a cubic foot of cool air than it pulls on a cubic foot of 
warm air. Because of the greater pull on it, the cold air 
moves downward and pushes up the warm air. You can 
find many places where this movement is going on. 

But why does the air keep moving upward around a 
warm radiator or stove? This movement or circulation 
goes on because a new supply of cool air is constantly 
being heated. Just as soon as the cool air pushes the warm 
air up, the cool air itself gets near the hot iron. It gets 
warm, expands, and becomes less dense. Then the cool 
air around it can push it up. This happens over and over 
and keeps the air circulating so long as the radiator is 
warmer than the air around it. (See Figure 168.) 
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Much the same thing happens when something cold, 
like a block of ice, is placed in warm air. The air next to 
the ice is cooled by touching the ice. This air contracts 
and becomes more dense. Then gravity pulls it downward, 
and it flows under the warm air. This pushes the warm air 
up against the ice, where it, too, cools and sinks. Thus the 
circulation keeps up until all the air is as cold as the ice, 
or until the ice is all melted. 

Why is the ice in an ice-box placed near the top? It is 
placed there so that the air in the refrigerator will be kept 
circulating until all of it is cold. Some warm air next to 
the cold ice gets cold and dense. Gravity pulls it down into 
the lower part of the refrigerator. Warmer air from the 
bottom is pushed up by the cold air and gets close to the 
ice. In turn it gets cold and sinks. If 
the ice were placed in the bottom, it 
would soon be surrounded by cold 
air that would stay close to it. The 
warm air that was pushed up would 
not be cooled. Thus only the lower 
part of the refrigerator would be 
cold. Food in the upper part would 
be warm. 

Have you ever seen a hot-water 
storage tank like that shown in Fig- 
ure 171? After the fire in the stove 
has been burning for a time, all the 
water in the tank is warm. How is 
this possible? The water in the water- 
front gets hot from the fire. The 
water in the tank is cool and more me a eee 
dense. The cool water pushes down _ gtorage tank connected 
harder than the hot water. Therefore to a stove 
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the hot water is pushed up through the pipe into the top 
of the tank. Then a fresh supply of cool water goes into 
the water-front. As fast as the cool water flows in, it is 
warmed and gets pushed up by water that is still cool. 
Thus all the water in the tank passes through the water- 
front and is heated. 

You have now learned that water and air do not really 
lose weight when they are heated. They do expand when 
heated, so that a cubic foot of space has less air or water 
in it when the material is warm than when it is cold. 
The warm material cannot push down so hard as the 
cooler material because it is less dense; therefore any air 
or water that is warmed is forced to move upward by 
the cooler air or water around it. 

Self-Testing Exercises 

1. The air around a warm object moves (upward) (down- 
ward), because cold air is (more) (less) dense than warm air. 

2. Tell how the air next to a cold window moves and why 
it moves as it does. 

3. Write down five examples that you have seen of warm air 
being forced upward and five examples that you have seen of 
cold air moving downward because of its greater density. 

4. Explain why warm air keeps flowing up from a radiator 
as long as the radiator is warm. 

5. Why is ice placed near the top of a refrigerator instead 
of near the bottom? 

6. Explain how thirty gallons of water in a hot-water stor- 
age tank can get hot in a coil of pipe or water-front that holds 
only one-half gallon. 

7. The door of a house is open on a very cold day. (a) Does 
the cold air come in at the top or at the bottom of the door? 
How do you know? (b) Where does the warm air go as the cold 
air comes in? Use a diagram if it will help. 

8. Why is your school-room warmest near the ceiling? 
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Problems to Solve 


1. When a fire is burning in a fireplace or furnace, there is a 
strong current of air moving into the fire and up the chimney. 
This current of air is known as the draft. Explain why the air 
moves up the chimney. | 

2. If a room is to be thoroughly ventilated, it is better to 
open windows at both top and bottom. Explain why. 

3. Which would heat a room better, a radi- : 
- ator near the floor or one near the ceiling? 
Give the reason for your answer. 

4. Draw a diagram to show how you think 
the currents of water would move in a large 
pan of water that is being heated in only one 
spot. Label the cold and the warm water. 

5. Why is the draft in a chimney stronger 
after the chimney becomes warm? 

6. A certain kind of Christmas-tree ornament has a little 
windmill in the top of it. The ornament is balanced on a 
needle point on top of a light bulb. It turns around as long as 
the bulb is lighted, but stops when the bulb is turned out 
(Figure 172). Explain why it does this. 

7. The noted French inventor, Claude, needed a supply of 
cold water from the bottom of the ocean for one of his experi- 
ments in Cuba. After he had sunk a pipe, did the water flow 
up from the bottom, or did he have to pump it up? Tell why. 

8. Explain why a balloon that is floating rises when the sun 
shines on it and sinks when it enters the shadow of a cloud. 
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LOOKING BACK AT UNIT 4 


1. State Archimedes’ Principle and explain what it means. 
2. Give at least four good examples of the working of 
Archimedes’ Principle. Show how it works in liquids, in gases, 
in ordinary floating, or loss of weight, and in convection cur- 
rents. Explain each example briefly. 
3. Explain or define each of these words: 
fluid displacement convection current 
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ADDITIONAL EXERCISES 


1. A good egg sinks in a jar of water. How can you make 
the egg come to the surface without touching it or the jar? 

2. A boy weighs 125 pounds on some scales. His body dis- 
places about 2.5 ounces of air. Do the scales tell his correct 
weight or make him weigh too much or too little? Explain. 

3. While digging a canal, the workers found a large 
boulder below the surface of the water. The machinery they 
had was not strong enough to lift the boulder up to the top of 
the bank. The engineer in charge had a large place dug at one 
side of the bottom of the canal. The stone was then moved 
over out of the way without lifting it above the water. Explain 
why they could do that, although they could not lift it out. 

4. Ata school exhibit some boys had a tea-cup apparently 
fled with milk in which a ball of solid iron was floating. 
They would take the ball out and pass it around to show that 
it was as dense as iron. Yet when placed in the milk it floated. 
Explain how the trick could have been done. 

5. A floating dry-dock contains large tanks that can be filled 
with either water or air. How would these be used to sink the 
dock and place it in position under a ship? How would the ship 
then be lifted out of the water? 

6. In acommon science experiment, water is boiled in a test- 
tube that contains ice. The ice is weighted so that it stays 
down in the bottom, and the water is boiled at the top. Why 
would the experiment not work if the ice were allowed to float 
on top of the water and the water were boiled at the bottom? 

7. Explain in terms of density of different parts why the 
test-tube of Experiment 25 floated on end. 

8. Good eggs sink to the bottom of a jar of water, but 
spoiled eggs float. Which kind is more dense? 

9. Good eggs float in a concentrated solution of salt. What 
does this show about the density of the salt solution? 

10. How could you perform an experiment to discover how 
much weight a life preserver will support in water? 











Fic. 173. When our country was first settled, almost all work had to 
be done with energy of muscles—the muscles of men and of animals. 
Today, in the home, on the farm, and in the factory we use kinds of 
energy about which the early settlers knew nothing. Even fifty years 
ago men did not know about the energy that makes this tractor run 
so that it can furnish the power to thresh wheat, blow the straw on 
to the stack, pull plows, and in other ways make things move. In 
this unit you will learn some of the important things that man had 
to discover about energy before he could know how to use it. 


UNIT FIVE 











UNIT 5 
HOW DO WE USE ENERGY? 


INTRODUCTORY EXERCISES 


#1. What is the molecular theory of matter? 
*2. Does a magnet have energy? Explain why you 
think it has or has not. 
3. What is energy? 
4. Make a list of things that energy does for you every 
day. 
5. What is inertia? Give some examples of inertia. 
6. Define friction and give some examples of friction. 
*7, What is heat? 
#8 Make a list of the changes that heat can cause in 
materials. 
9. How many different kinds of energy do you know? 
Name them. 
*10. What are the different kinds of matter? 
*11, Where do we get the energy that enables us to move 
our bodies? How is this energy made usable in our bodies? 
12. How is energy different from matter? 
13. What are some of the different things that energy 
can do to matter? List as many different things as you can. 
14. When and where have you noticed one kind of 
energy change into another kind of energy? Give three 
instances if you can. 
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LOOKING AHEAD TO UNIT 5 


OME BOYS were playing 
ball inv a vacant “lot: 
Bob stepped tothe plate, and 
the pitcher threw the ball 
swiftly across the plate. Bob 
swung his bat as hard as he 
-eould and struck the ball 
squarely. The boys on both 
sides held their breath as 
the ball flew through the 
air. Then, crash! It broke a 
neighbor’s window, and the 
glass fell tinkling on the 
walk. Why could the ball 
break the window? 

The tall “grandfather’s” 
clockinthehallhad stopped. yg. 174 
Mary took a little crank 
from a shelf and placed it in a hole in the face of the clock. 
Then she turned the crank round and round until a heavy 
iron weight inside the case had been lifted from the bot- 
tom almost to the top. Next, she set the hands in the 
right place and started the pendulum swinging. The clock 
ran for more than a week. During the week the weight 
sank lower and lower until it again reached the bottom of 
the case. Again Mary had to lift the weight to the top by 
winding it up. What did Mary do to the weight that 
helped it run the clock for a week? 

A huge cold locomotive stood in its stall in the round- 
house. The men who were repairing it wanted to move it 
a short distance. Two of them took heavy crowbars and 
by prying against the wheels were able to move the great 
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Fic. 175. The sun shone down on a wide concrete pavement on the 
hottest day of summer. Suddenly a part of the pavement broke, and 
the pieces on each side were tilted up and left leaning against each 
other with jagged cracks running in all directions. What was there in 
the sunlight that could break the thick concrete and make it push 
itself up into the air? 


machine a few inches. When the repairs had been finished, 
a man started a fire in the fire box of the locomotive. 
Slowly the great locomotive began to come to life. Little 
clouds of steam escaped here and there with a gentle hiss. 
The needle on the steam-pressure gauge went farther and 
farther around until it stood at 150 pounds per square 
inch. Then an engineer moved some levers, and the loco- 
motive backed out of its stall with ease. Soon it was 
coupled to a freight train of nearly 100 cars. The powerful 
engine pulled the train for many miles at a speed of more 
than thirty miles an hour. What did the engine get from 
the fire that gave it-the power to pull the train? 

Can you answer each of the questions that have been 
asked? The answer is the same for all of them! And can 
you explain how the baseball, the clock weight, the con- 
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crete in Figure 175, and the locomotive could do what 
they did? If you study the four problems of this unit care- 
fully, you will learn the answers to all these questions. 
And you will be able to explain many other things that 
you see happening every day. 


Problem 1: 
WHAT IS ENERGY? 


NE MORNING John arrived at school early and hurried 
C) up to his science room. He had a question to ask 
Mr. Kendrick, his teacher. Mr. Kendrick had come early, 
too, and was getting an experiment ready for his first 
science class. 

“Mr. Kendrick,” said John, “last year you told us that 
everything is made of matter. Then we learned that 
matter is anything like water or wood or air that has 
weight and fills up space. I’ve heard people talk about 
energy, and last year we studied a little about heat 
energy and about energy in coal and wood and food. 
Is energy Just another kind of matter, or is it something 
different that you haven't told us about yet?” 

“That was quite a speech for you,” said Mr. Kendrick, 
with a smile. “I see that you have been doing some think- 
ing. It’s just about time we all learned something more 
about energy. Let’s talk about energy in our science 
class today. Until then, you might be trying to decide 
whether energy and matter are the same. Suppose that 
you try to figure out whether heat has weight and occupies 
space.” 

As John went down the hall, he said to himself, ‘“‘Does 
heat weigh anything? It’s funny I never thought about 
that before. I always thought things got lighter when 
they got heat in them. Does heat fill up space? Well, 
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it goes right into iron and steel and water. And when it 
goes into them, they all expand. We learned that last 
year. Maybe it does fill up space and make things bigger. 
I wonder!” 

In your science work last year, you learned many things 
about matter. You learned that it has weight and fills 
space. You learned that it is made of tiny little particles, 
called molecules, much too small for us even to imagine. 
You also found that matter seems to change from one 
substance to another during chemical changes. It seems 
as if we could explain almost everything in the world by 
talking about matter. | 

But what are you going to call heat and light and 
sound? Are they matter? What makes things move and 
expand and evaporate and change chemically? To ex- 
plain what we see going on every day, we must believe 
there is something besides matter in the world; there 
must be something that makes matter do things, that 
makes matter change. We call this “something” energy. 
We cannot weigh energy; we cannot prove that it fills 
space. Yet we can sometimes feel energy and sometimes 
see it and see the things it does. 

Last year you met energy several times in your study 
of science. You learned that it is heat which makes matter 
expand and melt and evaporate. Heat also helps chemical 
changes to take place as it did when you changed coal 
into coke and gases. You learned that food contains 
energy which we use to move and to keep our bodies 
warm. You learned that sunlight, shining on the leaves 
of green plants, furnishes the energy to change carbon 
dioxide and water into sugar. Where else can we find 
energy doing things to materials? 

Whenever matter is able to make things happen, we 











Fic. 176. An automobile moving swiftly along a road has tremendous 
energy because it can break down a fence or post and smash another 
car, or even knock it off the road. 


say that the matter has energy. A bent bow has energy 
because it can shoot an arrow. Running water has energy; 
it can move soil and rocks and turn water-wheels. A heavy 
weight held up by a rope has energy because it can drive 
a stake into the ground or crush a stone when it falls. The 
powder in a rifle cartridge has energy; it can drive a bullet 
through a board. You can easily see that many of the 
bodies of matter around you have energy. 
HAT IS A FORCE? You have just read a description 
WV/ of energy that gives you a general idea of what it 
is. But this description is not good enough for scientists 
because it is not quite exact and accurate enough for their 
use. Scientists must have exact and accurate meanings 
for words, or they cannot think and talk accurately about 
the problems they have solved and are trying to solve. 
Before you can understand fully what energy is and 
does, you must have some other ideas that are all a part 
of the big idea of energy. First of all, you will need to 
know something about force. 
Every time you pick up a book, push your feet against 
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the pedals of your bicycle, open a door, or write in your 
note-book, you are using a force. If you will think about 
all the times when you use a force, you will find that 
you do one of two things: You either push some object, 
or you pull it. Of course, sometimes you do both. For 
example, in steering an automobile you may pull the 
wheel with one hand and push with the other. Whenever 
you make something move, you use a force. But you may 
use a force without making anything move. You have 
probably pulled or pushed some heavy object without 
being able to budge it. If you pull or push an object, you 
are exerting a force, regardless of whether or not you move 
the object. 

So far you have been thinking about the force that 
human beings can exert by the use of their muscles. 
There are, however, other forces in action around you all 
of the time. If you stand in an open place on a windy 
day, you quickly feel the force of the wind pushing against 
you. Similarly, if you stand in a swift stream of water, 
the force of the water pushing against you may throw 
you off your feet. If you step off a high porch, the force 
of gravity pulls you down to earth. If you make a deep 
dive, you can feel the force exerted by the weight of the 
water above you. You know that magnets exert TOrCCALO 
attract bits of iron and steel. Whenever you see anything 
move, you may be sure that it 1s pulled or pushed by 
some force. 

HAT IS WORK? You made a start toward learning 

WV the meaning of energy when you found out what a 
force is. But before you can fully understand the mean- 
ing of energy, you must also learn what the scientist 
means by the term work. This is a common word. You 
probably think that you know very well what it means. 


| 

If 
if 
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Fic. 177. This little chap probably thinks that he is working pretty 
hard, but a scientist would say that he is not doing any work because 
he cannot make the calf move. 


Work to you is something that you have to do but do 
not enjoy doing. Like many other words, work has several 
meanings. In connection with energy, scientists use a 
special meaning for this word. 

If you push as hard as you can against a table and do 
not move it, you have done no work, according to the 
scientist. On the other hand, if you move the table, you 
have done work. In other words, to a scientist work is 
not done unless the object is moved. When you lift a 
book from the table, push a lawn-mower across the grass, 
pedal a bicycle, climb the stairs, or drive a tent pole 
into the ground, you are doing work. In each case you 
exert a force, and as a result something moves. That 1s, 
work is done when a force is used to overcome some 
resistance and thus move something. 

OW DO SCIENTISTS DEFINE ENERGY? Now we are 
H ready to consider the meaning of the word energy. 
Here again is a word for which scientists use a special 
meaning. Energy, to the scientist, means the capacity 
to do work. Work, as you already know, is done when a 
force moves an object. Therefore, a body is said to possess 
energy if it can move an object. 
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You can understand this better through a few examples. 
Does a bent bow have energy? Yes, it can drive an arrow 
through the air. Does running water have energy? Yes, 
‘+ can turn the blades of a water-wheel. Does a heavy 
weight suspended by a rope in the air have energy? Yes, 
if it is dropped, it can drive a stake into the ground. 
Does a rapidly moving ball have energy? Yes, if it strikes 
a window-pane, it will break it. You see from these ex- 
amples that if a body can do work, it possesses energy. 

To say that something can do work is really just another 
way of saying that it can make things happen. The real 
advantage of the scientist’s definition is that he knows 
how to measure work. If he can measure the work that 
energy does, then he can measure the energy. Later you 
will learn how scientists measure work and energy. 


Self-Testing Exercises 


1. Write a paragraph of not more than one-half page ‘in 
which you answer the question, “What is energy?” 

9. Give at least three different examples of the effects of 
energy. 

3 What is a force? Give three examples. 

4. What is work? Give some examples of doing work in 
the scientific sense. 

5. Answer the questions in the first three paragraphs of 
“Looking Ahead to Unit 5” and in the legend under Figure 175. 


Problems to Solve 


1. Make a list of at least ten examples of the effects of 
energy that you have noticed but that have not been mentioned 
in the book. 

9. Write a short composition on “The Importance of Energy.” 

3 Give five original examples of doing work. Thus you may 
put down, “I lifted my body upstaars to class.” 

4. What force turns a compass needle to make it point north? 

















Fic. 178. Much of the work of the world is still done by the muscles of 
men, but other sources of energy enable man to do things that he 
could never do with his muscles. Men can drive stakes with sledge 
hammers, but they cannot drive a great pile into the earth, as the 
pile-driver is doing in Figure 187, page 243. 


5. An automobile was stuck in a mud hole. A farmer brought 
a horse and hitched it to the car. But try as it would, the horse 
could not move the automobile. Then two horses were hitched 
to the car and pulled it out. Did the first horse do work? Did 
the two horses do work? Explain your answers. 


Problem 2: 
WHAT DO WE DO WITH ENERGY? 


OU HAVE now learned that we use energy whenever 

we do work. Think of all the different kinds of work 
that need to be done in the world. Wagons, automobiles, 
trucks, and trains with their loads are to be moved. Soil 
must be plowed and cultivated so that the crops will 
grow. Rocks and soil must be moved out of excavations 
for basements, highways, and tunnels. Material must be 
lifted into place to make new buildings. People, furniture, 
machinery, and supplies must be carried up when the 
buildings are in use. Grain and cement must be ground, 
rock must be crushed for roads, and lumber must be 
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sawed from logs. You could go on 
for a long time adding examples of 
work to this list. 

However, scientists are not much 
interested in getting long lists of 
examples of different kinds of work. 
What they want is to find out how 
the different kinds of work are 
alike. Of course, all the examples 
Fic. 179. One boy gives given above are alike because forces 
the sled a push to start it : 
moving downhill. This @%€ used to move something. But 
force is needed to over- notice that there is always some 
come the inertia that resistance to be overcome. In fact, 
fer LS EAE eet 2 ie 9 Yasar way scientists define work is to 
where it is. 

say that it is the overcoming of re- 
sistance. When we do work, we must use one force to 
overcome another force that resists our action. | 

As scientists have studied all the different kinds of 
work, they have found that most of it is done in over- 
coming four different kinds of resistance. These four 
kinds are the resistance due to inertia, to friction, to 
gravity, and to the forces that hold the molecules of 
matter together. Let us now see how each of these kinds 
of resistance acts. 

HAT IS INERTIA? Suppose that there is a book on 
v¢ the table in front of you. It stays there so long as 
it is not pulled or pushed. In other words, it will not 
move unless it is acted upon by a force. The book will not 
move because of a certain property, or characteristic, 
that all matter has. This property is called inertia. Inertia 
is rather hard to understand, but a few examples of 
inertia will help to make it clear to you. 
Perhaps you have had the experience of trying to 
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Fic. 180. The horse and the rider were moving forward in a straight 
line. The horse fell and stopped. The inertia of motion sent the rider 
flying forward over the horse’s head. 


move a stalled automobile. You push and push, and 
nothing happens. Someone comes along and helps you, 
and finally you get the car moving. After you once 
get 1t moving, it is easy to keep in motion. The hard 
part is to get it started. The reason is that you must 
overcome the inertia of the car. A great deal of force is 
required to do this. 

We can say that objects resist being moved. You could 
prove this to yourself in a rather painful way. Hang up a 
brick on a strong cord and strike it a hard blow with your 
fist. The result will be a badly injured hand caused by the 
inertia of the brick resisting motion. These two examples 
should convince you that stationary objects have inertia; 
that is, they remain stationary unless some force moves 
them. To overcome this inertia a force 1s necessary. 

Forces are needed to overcome another effect of in- 
ertia. Suppose you are riding in an automobile that is 
going forty-five miles an hour. The automobile with you 
inside it is moving forward in a straight line. Suddenly 
a “stop light” looms up ahead, and the driver slams on 
the brakes. The car slows down quickly because a force 
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Fic. 181. If you have ever watched the “hammer-throw,” you have 
seen inertia and centrifugal force at work. As the thrower swings the 
hammer round and round in a circle, it pulls harder and harder. When 
he lets go, it flies off in a straight line. 


has been applied to stop it. But what do you do? You 
tend to keep moving ahead, and the result is that you 
are thrown forward and may even go off the seat. 

What automobiles and trains really should have 1s 
some kind of brake to attach to the passengers so that 
they will be slowed down when the car brakes go on. 
Passengers in airplanes really do have brakes. They are 
required to attach a safety belt across the seat to resist 
the inertia of their bodies when the airplane starts or 
stops or when rough air is encountered. 

These illustrations show you a second effect of inertia— 
the inertia of moving bodies. Objects that are moving 
tend to keep on moving in a straight line unless some 
force stops them or changes the direction from a straight 
line. You can see that forces are needed to overcome the 
inertia of a moving object, that is, to stop the object or 
to change the direction in which it is moving. 

When things go around in a circle very rapidly, it 1s 


234 





easy to see or to feel how inertia 
works. Take a ball on a string as 
an example. Hold one end of the 
string and whirl the ball around 
rapidly. The ball seems to be try- 
ing to get as far as possible from 
the center around which it is 
_ whirling. It may even break the 
string and go flying away. The 
force that makes the ball pull away 
from the center is called centrifugal : . 
force. It is really caused by inertia Pye. 189. The inertia of 
that tends to make the ball move moving objects shoves 
in a straight line, which it cannot the coal forward many 


p : feet when the shovel is 
a a + 
do because the string “makes ito, deniteerenped 
move in a circle. 


All whirling objects have centrifugal force. Centrifugal 
force throws mud and water off the wheels of bicycles 
and autos. It throws your arms out from your sides 
when you spin around rapidly. It sometimes bursts 
grinding wheels that are turned too rapidly. You can 
see the action of centrifugal force almost every day. 
Remember that centrifugal force is just the inertia of 
things that are being made to move in a circle instead of in 
the straight line that they would follow if they were free. 

You use the inertia of moving objects In many ways, 
for example, in shoveling coal into a furnace. You fill 
the shovel with coal and swing it quickly toward the open 
furnace door. This makes the coal move, as well as the 
shovel. When your shovel reaches the door, you stop it, 
but the coal keeps on going into the furnace (Figure 182). 
If it were not for the inertia of the moving coal, the coal 
would stay in the shovel. ° 
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It is also true that moving objects can exert force 
because of their inertia. Thus, a moving automobile can 
bend the parts of another automobile or break a post 
in two because the automobile tends to keep on going. 

You have learned a number of important things about 
inertia, but you still cannot answer this question: “Why 
does a moving body or a stationary 
body possess inertia?” No one knows 
the answer to this question. We merely 
know that all objects do have inertia. 
If a body is standing still, some outside 
force must act upon it to make it move; 
otherwise it will remain stationary. If 
a body is moving, some outside force 
must act upon it to slow it down and 
stop it; otherwise it will keep on mov- 
ing. If we could not exert forces, we 
earne an eles could not move stationary objects or 
Oe feeeinhiclpaeat Chane aaw change the direction of moving 
prevent skidding by objects. 
providing greater NYy ea Is FRICTION? You have seen 





ee 


FAST SN AN that we need forces to make sta- 
wheel “and? “theses : 
ground. tionary things move because iertia 


keeps them from moving. We also need 
forces to stop moving objects because inertia keeps objects 
moving unless something stops them. There is another 
reason why we need forces to move things. Friction makes 
+ hard for them to move. Let us see what friction 1s. 
Whenever two materials are rubbed together, there 1s 
friction between them. You can slide easily on ice or 
on a waxed floor, because there is little friction. But if 
you try to slide on a concrete sidewalk or a rough board, 
you fail. These rougher materials offer more resistance to 
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the force of your slide; that is, there is much friction be- 
tween you and the material. 

An automobile moving along a level road is soon 
stopped by friction if the engine is shut off. A wheel of 
an automobile revolves on an axle. The axle and the hub 
rub against each other, producing friction. Furthermore, 
there is friction between the tires and the pavement. 
And last of all, the air offers resistance to the ear as it 
pushes its way through the molecules. Because of these 
kinds of resistance, the car moves more slowly and finally 
comes to a stop. The inertia, or tendency of the car to 
move forward, is overcome by the resistance of friction 
and of air. If the car is to be kept moving forward, energy 
from the engine must be used to overcome friction and 
the resistance of the air. 

OW DO WE OVERCOME GRAVITY? Of course you know 
that it takes force to lift an object. This is necessary 
because of the pull of the earth on the object. This pull 
of the earth is called gravity. Here, then, is another 
reason why we need forces to make things move. Without 
forces, we could not lift things off the earth or move 
them uphill. For example, you have a sack of flour that 
weighs ten pounds. This means that gravity exerts a 
force of ten pounds on the flour. If you wish to lift the 
sack of flour, you must exert a force of more than ten 
pounds. 

Up to this point you have seen that forces are neces- 
sary (1) to overcome the inertia of bodies at rest (starting 
an automobile), (2) to overcome the inertia of moving 
bodies (stopping an automobile with brakes), (3) to over- 
come the resistance offered by friction and by air, and 
(4) to overcome the force of gravity. There is another 
kind of force that is important. 
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HEN DO WE OVERCOME THE FORCES OF MOLECULES? 

You can tear a fairly heavy piece of cardboard or 
push your hand down into a jar of water. You can do 
these things because of the way these kinds of matter 
are made. You cannot, however, tear even a very thin 
piece of steel, and of course you cannot push your hand 
‘nto a bar of steel. This seems to call for an explana- 
tion. As you know, scientists believe that all matter is 
composed of tiny particles called molecules. These mole- 
cules are so tiny that the smallest bit of matter you 
have ever seen is made of millions of them. When you 
tear a piece of cardboard, you must pull the molecules 
apart along the line of your tear. Some force is needed 
to do this. Force is needed because the molecules of the 
same kind of substance have an attraction for each 
other; that is, there is apparently some force that holds 
them together. This is called the force of cohesion. 

In some substances, such as paper and water, the 
cohesive force exerted by the molecules is very slight; 
and only a small force is required to pull them apart. 
In other substances, such as glass and steel, the cohesive 
force is very great; and a great force 1s needed to pull the 
molecules apart. The cohesive force between molecules 
differs in different kinds of materials. When you pull a 
substance to pieces, tear it in two, saw it, or cut it with 
a knife, you need force to overcome the cohesive force 
of the molecules. 

There is also a very similar force called adhesvon. The 
attraction between molecules of different kinds of sub- 
stances is called the force of adhesion. When glue holds 
two pieces of wood together, the force of adhesion between 
the molecules of glue and the molecules of wood holds the 
wood and the glue. The adhesion of the molecules of ink 
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to the molecules of paper makes the 
letters stay on the page so that you 
may read them. When you write with 
a pencil, the friction between the paper 
and the carbon (“‘lead’’) of the pencil 
rubs off a little of the carbon. The 
carbon sticks to the paper because of 
the force of adhesion. 

You have seen that the forces of 
cohesion and adhesion are necessary to 
hold materials together. Without them, 
molecules would not stick together, 
and solid and liquid substances as we 
know them would not exist. Many 
times we need to use energy to overcome 
the forces of cohesion and adhesion. 


Self-Testing Exercises 

1. Why does it require more force to 
start a body moving than it does to keep 
a body moving? 
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Fia. 184. Adhesion 
makes paint stick 
to a car when it is 
sprayed on or put 
on with a brush. 


2. Why do moving objects stop moving unless a force is 


constantly applied to them? 
3. What are the two effects of inertia? 


Why do brakes stop a car? 


ODO 


by using energy. 


Problems to Solve 


What is centrifugal force? Give an example. 


What is the difference between cohesion and adhesion? 
. Name at least four kinds of resistance that we overcome 


1. What kind of force causes the varnish to stay on a chair? 
2. Explain why a hammer would be useless without inertia. 
3. Can you turn a pail of water upside down without spill- 
ing the water? You can do it by swinging the bucket rapidly 
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in a circle that goes above your head and down toward the 
ground. Why does the water not spill from the pail? 

4. Why does a car often skid if it turns the corner too fast? 

5. Lay a strong sheet of paper on a table. On one end of 
the paper put three or four books. Take a firm hold of the 
exposed end of the paper and give it a quick jerk away from 
the books. What happens? Explain. 

6. How does inertia help in shaking apples from a tree? 

7. Why does it cost much money to start or stop a fast 
train? 

8. Why does it take more power to start an automobile 
that is standing in mud than one that is standing on a pave- 
ment? 


Problem 3: 
WHAT ARE THE DIFFERENT FORMS OF ENERGY? 


N A SCIENCE class where work, force, and energy were 
| being studied, one of the boys raised his hand one day 
and said this to the teacher: “I think I can tell when 
energy is at work making things happen, but there’s one 
thing I don’t quite understand. You’ve been talking about 
heat and light and other things, and calling them all 
energy. Are there different kinds of energy, just as there 
are different kinds of matter?” 

Perhaps that question has come up in your mind, too. 
It is an important question. It is a question about which 
men have been thinking for hundreds of years. They 
have been thinking about it because they needed energy 
to help them do their work. Before they knew how to use 
the energy that was everywhere around them, they had 
to do all their work with the energy of their bodies, and 
that energy came from the food they ate. They had noth- 
ing else to help them lift, pull, push, throw, hammer, and 
cut materials. 




















UNIT 5. ENERGY AND ITS USES 241 





Fic. 185. In the early days of the railroad, about 100 years ago, a 
race was staged between a “horse train” and an “engine train.”’ Men 
still had little confidence in steam as a source of energy for moving 
people and materials. At first the engine pulled ahead; then it broke 
down, the horse won the race, and men said that the steam locomotive 
would never amount to anything. 


You can easily see that we would be living in a quite 
different world today if men had not learned how to use 
other kinds of energy than the energy of their bodies. 
Human energy could not possibly make heavy airplanes 
fly through the air for thousands of miles at hundreds of 
miles per hour. Human energy could not easily move 
great freight trains for hundreds of miles. Human energy 
could not blast out great blocks of rock in the flash of 
an eye. If we had to depend on the energy of our bodies, 
we could not take pictures with a camera, send radio 
programs over the air, and have electricity for lighting 
—to say nothing of countless other things that are every- 
day matters to us. Let us see what some of the kinds of 
energy are. 

You have already learned many things about one of 
the forms of energy that is all around us, namely, heat 
energy. You know that heat makes substances expand and 
that it can change water into steam. Another form of 
energy that you know about is electric energy. Probably 


you use it almost every day. The en- 
ergy of electric current starts our 
automobiles, explodes the gasoline to 
make them run, operates our tele- 
phones, street-cars, fans, mechanical 
refrigerators, and vacuum-cleaners. 
Probably half of the work done by 
machinery in the factories of this 
country is done by electrical energy. 
HAT IS MECHANICAL ENERGY? 
: The energy in running water, 
Fic. 186. Moving air 1 a speeding automobile, in a bent 
has kinetic energy. bow, and in a lifted weight is called 
When it strikes the mechanical energy. It is called mechan- 
sails of a sailboat, it . eG : 
ceed ASR Bite Sia hig ical energy because it is the kind of 
energy that is used in machines. Now 
notice that in two of the examples of mechanical energy 
something was moving. A rapidly flowing stream can 
move large rocks and turn a water-wheel just because of 
the movement of the water. An automobile can do dam- 
age because it is moving. Thus you can see that one kind 
of mechanical energy is the energy of motion. Scientists 
call this kind of energy kinetic energy. All moving objects 
and moving materials have energy of motion, or kinetic 
energy. 

Think for a moment and see if you can find some other 
examples of kinetic energy. When a bat strikes a ball, 
part of the kinetic energy of the moving bat is given to 
the ball, and the ball moves away from the bat. When a 
hammer strikes a nail, part of the kinetic energy of the 
moving hammer is given to .the nail, and the nail is 
forced in between the molecules of wood. When moving 
air strikes the blades of a windmill, the air causes the 
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wheel to turn. A rock rolling down a hill- 
side strikes other rocks and sends them 
rolling, too. Everywhere you go, you see 
moving objects doing things. They can do 
these things because every moving object 
has kinetic energy. 

It is easy to see that any moving body 
of material has energy, because it can 
make other things move. But there is an- 
other kind of mechanical energy that may 
not be so easy for you to see. Think for 
a moment about the kind of energy that 
is in a bent bow, a wound-up spring, and 
a suspended weight. You know that these 
three objects do not have kinetic energy 
because none of them is moving. But 
they have energy even though the energy 
is not doing anything. 





Fic. 187. A pile- 
driver uses the 
energy stored in 


Think first of the heavy weight hang- a weight when 
ing from a rope: If you cut the rope or the weight is 


lifted from the 


untie it and let the weight fall, the weight 
earth. 


surely has energy. The energy was there 

all the time waiting to be used. As a matter of fact, the 
weight was pulling hard on the rope. It had energy because 
it was above the surface of the earth. Any object that is 
lifted above the earth has energy stored in it. We know 
it has energy because it can make something happen 
when it is allowed to fall to the ground. This energy was 
stored in the weight when it was lifted. It can be turned 
loose and used when the weight is allowed to fall toward 
the ground. Scientists speak of stored mechanical energy 
as potential energy. You may call it either stored energy 
or potential energy. 
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Fia. 188. The muscular force of the men overcomes the elastic force 
of the bows. The bow at the left is made of wood; the bow at the 
right is made of steel. 


Have you ever seen a pile-driver at work? A steam- 
engine or some other source of power lifts a heavy weight. 
The energy used in lifting the weight is stored in the 
weight. Then the weight is dropped on the post (called a 
pile’) beneath it, and the post, or pile, is driven into 
the ground. The energy of the weight is used in forcing 
the post into the soil. Then more energy is stored in the 
weight by lifting it again, until the post has been driven 
into the ground as far as necessary. 

Now think about the energy of the bent bow. When 
you pull back on the bowstring, you overcome the 
resistance of the bow to being bent. That is, you do work 
on the bow and change the positions of its parts with 
reference to each other. But the bow is elastic; it can 
spring back into its first position again. As it does so, it 
can overcome the inertia of the arrow and send the arrow 
flying toward the target. Energy was stored in the bow 
when you did work in bending it. The energy was given 
out again when the bow was released. 
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Fic. 189. The water at the top of the dam has stored-up, or potential, 
energy. As it falls, it changes to moving, or kinetic, energy, which 
ean do work. 


You also make frequent use of energy stored in springs. 
Among other things, you use springs to close doors after 
you have gone through them, to run watches, and to roll 
up window shades. Whenever you bend, “wind up,” or 
twist a spring, you are doing work on it and are storing 
potential energy in it. Then, when you release it, the 
spring gives out the energy, as in closing a door, running 
a watch, or rolling up a window shade. 

Now let us sum up what you have learned. Two com- 
mon kinds of energy are called mechanical energy because 
we usually see them at work in machines. The first of 
these is the energy that objects have when they are 
moving. Scientists call the energy of motion kinetic 
energy. The second kind of mechanical energy is stored 
energy, or potential energy. Objects have potential energy 
because of their position. They may be lifted up from the 
surface of the earth so that they can fall, or they may be 
stretched, bent, or twisted, as in the case of springs, so 
that they can do something when they are released. 
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Fic. 190. The chemical energy in different kinds of explosives is used 
in shooting bullets through the air, in blowing stumps out of the 
ground, and in blasting away rocks and soil. 


HAT IS CHEMICAL ENERGY? You have seen chemical 

\¢ energy at work many times, but of course you did 

not think of it as energy because you did not know what 

energy is. But now you know that energy is what makes 

things happen to materials. With that idea in mind, think 

for a moment about the energy that is released when mate- 
rials change. 

When you light a fire-cracker, there is a quick sputter 
as the fuse burns, followed by a terrific bang. The tough 
paper of the fire-cracker is burst open. A tin can placed 
over the fire-cracker flies high up into the air. Surely 
there is energy in the powder in the fire-cracker, but a 
chemical change has to take place before the energy can 
be let loose. That chemical change takes place when the 
powder burns. Coal, too, contains chemical energy. When 
coal combines with oxygen in a fire (a chemical change), 
the chemical energy is released and does many useful 
things for us. We release chemical energy from gasoline 
to run our automobiles, trucks, and tractors. Our bodies 
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move and keep themselves warm by using the chemical 
energy of food. 

Thus you see that chemical energy is so important that 
we could not live without it. Chemical energy is a kind of 
stored energy. It is sometimes called chemical potential 
energy. It cannot be used unless there is a chemical change 
in the material in which it is stored. 

HAT IS RADIANT ENERGY? Last year when you 
\¢ studied how plants make food, you learned that 
hight from the sun provides the energy with which the 
green plant changes carbon-dioxide and water into sugar. 
Light, then, must be a kind of energy because it can make 
things happen to matter. Probably you have used light 
energy in a way that is very interesting to you. You may 
have taken pictures with a camera. When you did this, 
hight energy changed the film to give you the picture 
(Figure 191). 

Light is different from the other kinds of energy about 
which we have learned because it can leave the material 
from which it comes, shoot through empty space or 
through air, and cause changes in things a short distance 
away or millions of miles away. For example, the light 
of the sun shoots across more than ninety million miles 
of space to the earth where it helps us see, provides the 
energy to make food in green plants, and does many other 
things. Light from a lamp or a fire travels to objects many 
feet or even many miles away. 

There are other kinds of energy that act like light, but 
we cannot see them. You may have heard of some of these 
varieties of invisible energy. Radio waves, X-rays, ultra- 
violet rays, and infra-red rays (also called radiant heat) 
are kinds of energy. They all can make things happen to 
matter. Scientists have a special name for all the energy 











Fig. 191. The energy of light changes the materials in a film every 
time you take a picture. This is the negative of the picture. 


that acts like light by shooting out in straight lines or 
radiating through space. They call it radiant energy. 
Radiant energy is thus another form of energy we have 
learned about. Light is just one variety of radiant energy. 


Self-Testing Exercises 


1. Name the six forms of energy mentioned in this problem. 
2. What are the two forms of energy that are called mechani- 
cal energy? Give an example of each kind. | 
3. Name two ways of storing potential energy in bodies of 
matter. Give an example of each one. 
4. Give an example of the use of electrical energy. 
5. (a) How is radiant energy different from other forms of 
energy? (6b) Name at least three varieties of radiant energy. 
6. What is chemical energy? Give at least two examples of 
substances that have a great deal of chemical energy. 
7. What form of energy is each of the following? 
a) The energy in a hot brick lying on the ground 
b) The energy in the spring of a watch when it has been 
wound up 
c) Radio waves 
d) ‘The energy in an automobile “coasting” along a level street 
at twenty-five miles per hour . 
e) The energy in gunpowder 
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Problems to Solve 

1. What form of energy does a common mouse-trap have 
when it is set? 

2. What form of energy is there in the wax of a candle? 

3. What form of energy do you use when you climb a stair? 
Explain your answer. What kind of energy has your body 
gained when you reach the top? 

4. Reread “Looking Ahead to Unit 5” (pages 223-225) and 
tell what form or forms of energy are illustrated in each inci- 
dent described. 

5. Explain how a spring-board uses energy to help a diver. 

6. What form of energy has a tank of compressed air? 
Explain. 

7. When a lifted weight falls to the ground, what becomes 
of the stored energy? 

8. Two weights, A and B, are suspended on ropes. Weight B 
has more potential energy than weight A. Give two ways that 
weight B can be different from weight A in order to have more 
energy stored in it. 


Problem 4: 
HOW DO WE CHANGE ONE FORM OF ENERGY INTO ANOTHER? 


ID THE long discussion of different kinds of energy 
D puzzle you? Did it raise any questions in your mind? 
It puzzled some of the boys and girls in one science class, 
as the following conversation shows: 

“Just about the time I think I can explain where to 
find one kind of energy, another kind pops up,” said 
Alice, “‘and they get all tangled up in my mind.” 

“What were you thinking of when you got tangled 
up?” asked the teacher. 

“Once I was thinking about a picture that fell off the 
wall at home. It made a terrible crash and broke itself 
all to pieces. I can see that whoever hung the picture put 
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potential energy into it. But when it hit the floor, it was 
going awtiully fast. It must have had kinetic energy 
then.” 

Then Sara Jane spoke up. “I thought about the food 
I eat. You told us that food has chemical energy in it. 
And then you said it keeps us warm; that’s heat energy. 
And it makes us move; that’s kinetic energy. How do you 
explain that?” 

‘I don’t blame you for being mixed up,” answered the 
teacher. “The real trouble is that energy doesn’t stay in 
one form all the time. It changes easily from one form to 
another. You can see better what I mean if we do some 
simple experiments.” 

Here are the experiments they did and some of the 
things they found out. Perhaps you would like to do the 
experiments yourself. 


EXPERIMENT 32. What Are Some Ways of Changing One 
Form of Energy into Another? (a) Get a piece of lead at least 
as big as a five-cent piece, but not larger than a half dollar. 
Place it on a large piece of iron or a large rock and pound it 
vigorously with a hammer for a minute or two. Feel the piece 
of lead. What do you discover? What kind of energy did the 
moving hammer have? What kind of energy is produced in 
the lead? 

b) Rub a coin rapidly on your sleeve. What form of energy 
did you use in moving the coin? What form of energy is pro- 
duced in the coin? 

c) Light a match. What form of energy does the wood of 
the match have? What two forms of energy are given out by 
the burning match? 

d) Fill a test-tube half full of water. Cork it tightly enough 
so that steam cannot get past the cork. With a test-tube 
holder or a strip of folded paper hold the bottom of the tube in 
a flame so that the water is heated until it boils. Keep the cork 
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pointed away from yourself 
and everyone else. What hap- 
pens? What kind of energy 
went from the flame into the 
water? What kind of energy 
did the cork get? 

e) Obtain an electric dry 
’ cell and a short piece of thin 
iron wire (or a strip of tin-foil 
about one-eighth of an inch 
wide). Attach the iron wire 
(or tin-foil) to the two binding 
posts of the cell for a short time. What happens? The mate- 
rials of which the cell is made possess chemical energy. What 
form of energy comes out of the cell through the binding posts? 
What two other forms of energy appear in the wire? 

f) Connect a dry cell to a small electric motor. What 
changes of energy take place? 





Fic. 192. Experiment 32e and f 


In each part of the experiment you found that one 
form of energy was changed into some other form or 
forms of energy. Mechanical energy can be changed into 
heat energy. Heat energy can be changed into mechanical 
energy. Potential energy can be changed into kinetic en- 
ergy. Chemical energy can be changed into electrical 
energy, which can be changed into kinetic energy. If the 
correct conditions are arranged, any kind of energy can 
be changed, or transformed, into another kind of energy. 
Many such changes are going on around us all the time. 

A picture on the wall has potential energy that was 
given it by the person who hung it. As it falls, the poten- 
tial energy changes into kinetic energy. When a bowstring 
is released, the potential energy of the bent bow changes 
quickly into the kinetic energy of the flying arrow. When 
food is used in your body, it is changed chemically by 








Fie. 193. This diagram of a locomotive will help you understand how 
the chemical energy in coal is changed to other forms of energy— 
heat, light, and the kinetic energy of the moving locomotive. 


uniting with oxygen; its chemical energy changes into 
kinetic energy when we move and into heat energy that 
keeps us warm. Much of the radiant energy of the sun 


changes into heat energy when it strikes the earth. The 


burning of fuel in a fireplace changes chemical energy 


into heat. Some of the heat then changes into invisible 


radiant energy that radiates straight to you and changes 
back into heat when it strikes your skin and clothes. 

In Experiment 32 the changes in the form of energy are 
easily seen. Now let us take something more complicated; 
for example, the energy transformations that take place 
in running a locomotive. At first the energy is stored as 
chemical energy in the coal. Then, when the coal is 
changed chemically by uniting with oxygen as it burns, 
the chemical energy changes into heat and light in the 
fire-box of the locomotive. The heat passes through the 
walls of the fire box into the water in the boiler. The water 
is changed into steam by the heat energy. 

The rapidly moving molecules of the expanding steam 
strike against round pieces of steel, called pistons, in the 
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cylinders of the locomotive; the pistons move. In this 
way some of the heat of the steam is changed into the 
kinetic energy of the moving locomotive. This great ma- 
chine must transform energy in order to do its work. 
AN ENERGY BE CREATED OR DESTROYED? For many 
years scientists have been studying transformations 
j of energy. They have carried out many more compli- 
cated and more accurate experiments than you can 
imagine, and they have come to the conclusion that 
energy vs never made, nor rs it ever destroyed. Whenever 
one kind of energy appears, an equal amount of some 
other kind of energy disappears. Thus, when the hammer 
stopped moving in Experiment 32, its kinetic energy was 
gone, but a certain amount of heat energy appeared in 
the lead. 

The fact that energy can be changed, but cannot be 
made or destroyed, is known as the Law of Conservation 
of Energy. This is one of the most important laws of 
nature ever discovered by scientists. They have learned 
about it only during the last one hundred years. 

The Law of Conservation of Energy does not mean 
that all the energy we use is changed into the form we 
want and is used to do useful things. Inventors are con- 
stantly trying to increase the per cent of the chemical 
energy of coal that can be used in pulling a train. The 
best they have been able to do with a steam locomotive 
is to use about thirteen per cent of the chemical energy 
of the coal. The remainder is wasted. Some of it escapes 
in the form of heat in the smoke and steam that go out 
through the smoke-stack. Some escapes as heat in the air 
that is warmed by the sides of the locomotive. Some is 
sent out into space as radiant energy from the sides of 
the hot locomotive. Of all the electric energy sent into an 





Fria. 194. Notice all the different forms of energy that come from the 
chemical energy of the battery. Electric energy comes first. This form 
of energy is changed into the kinetic energy of the moving fan, the 
light energy of the bulb, the heat energy of the soldering iron, and 
back again into chemical energy when it decomposes water into hydro- 
gen and oxygen. 


ordinary light bulb, less than three per cent is changed 
into light. More than ninety-seven per cent becomes heat 
that we do not want. Even so, the modern bulbs make 
nearly seven times as much light from a certain amount 
of electricity as the first bulbs did. 

These ideas about the different kinds of energy and 
the way they change from one form to another without 
being lost may seem new and strange to you. However, 
they will be very useful in understanding what you see 
happening all around you. They will help you to under- 
stand the machines and devices of various kinds that 
help us to live, travel, and do our work more easily. In 
almost every unit of your science study from now on you 
will need to use what you have learned about force, work, 
and energy. 


Self-Testing Exercises 


1. Make a list of the six different forms of energy that have 
been mentioned in this unit. After each one give at least two 
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instances of the change of that kind of energy into other kinds. 
It is not enough just to name another kind of energy. Tell 
when and where the change occurs and name any objects or 
machines connected with the changes; thus: In our bodies some 
of the chemical energy in our food changes to heat. 

2. What does the Law of Conservation of Energy mean to 
you? 

3. Explain why the transformation of energy is important 
to you. Show that it helps you outside your science class. 


Problems to Solve 


1. What change or changes of energy take place as you wind 
a grandfather’s clock and as the clock runs? See page 223. 

2. What changes of energy were connected with the breaking 
of the concrete pavement described on page 224? 

3. Why will a machine always stop if it is not supplied with 
energy from the outside? 

4. We sometimes burn a candle to cause an energy change to 
take place. What is the change that we want? In what form is 
most of the energy wasted? 

5. The wheel bearing of a railroad car sometimes gets so 
hot that it sets the cotton packing afire. This is what a rail- 
road man calls a “hot box.”” What energy change causes this? 

6. Obtain a large magnifying-glass or reading glass. Focus 
the sunlight on some dry, half-rotten wood or fine dry grass in 
a small pan or can lid. What change in energy takes place? 

7. What becomes of the energy in the gasoline used to run 
an automobile? 

LOOKING BACK AT UNIT 5 e 

1. In a paragraph of not more than one-half page, write 
down the most important ideas of this unit. 

2. Give the meaning of the following terms: 


inertia kinetic energy adhesion 
friction potential energy radiant energy 
cohesion « transformation of energy chemical energy 


energy conservation of energy centrifugal force 
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ADDITIONAL EXERCISES 


1. List as many energy changes as you can that take place 
in an automobile. 

2. Read in reference books about the different kinds of 
radiant energy: X-rays, ultra-violet rays, and infra-red rays. 

3. Many people have tried to invent a machine that would 
run and do work without having energy put into it. Such a 
machine has been called a “‘perpetual-motion” machine. Read 
in reference books about ‘‘perpetual motion” and perpetual- 
motion machines. Can you explain why no successful machine 
of this kind has ever been made? . 

4. Compressed air possesses energy, as shown by the fact 
that it can burst an automobile tire. Which form of energy 
does compressed air have? When does it receive its energy? 

5. Learn how scientists measure work. Then measure the 
amount of work you do in climbing a stair. You can get infor- 
mation about measuring energy in a ninth-grade science book, 
in a physics book, or in an encyclopedia. 

6. Which forms of energy are needed to operate a radio 
receiving set? Try to find out what each different form does. 
7. List the effects of the energy of the sun on the earth. 

8. Make an energy survey of your community to answer 
these questions: What different kinds of energy are used? 
Which are most important? 

9. Why does it take more power to run an automobile up- 
hill than downhill? , 

10. ‘Two automobiles, C and D, are moving down the street. 
Auto D has more kinetic energy than auto C. Give two ways 
in which auto D can be different from auto C in order to have 
more of the energy of motion. 

11. Why is it possible to tighten the head of a hammer by 
striking the end of the handle with another hammer? 

12. Explain why wet paper tears more easily than dry paper. 

13. If two pieces of lead are pounded together, they will 
stick. Why does the pounding make them stick together? 











sa 





Fic. 195. About 1000 years ago, this was the best men could do to 
heat their homes. A hole in the roof carried away the smoke, and much 
of the heat escaped with the smoke. There was no way to carry the 
heat from a fire in one part of the building to rooms in other parts. 
Men had not yet learned how to control heat for their uses. In this 
unit you will learn many of the things that scientists have discovered 


about heat. 


UNIT SIX 


UNIT 6 
HOW DO WE CONTROL HEAT? 


INTRODUCTORY EXERCISES 


1. Does an electric fan “cool the air’? Explain. 

2. What happens to the molecules in a piece of iron 
when the iron is heated? | 

*3. Why do we put kindling under heavy fuels instead 
of on top of them when we are starting a fire? 

*4. Where does a liquid go when it evaporates? 

*5. What do you mean when you say that a gas con- 
denses? 

*§. Can you really see steam? Explain. 

7. Why do kitchen utensils, such as spoons, often have 
their handles covered with wood or hard rubber? 

8. Suppose that you are heating a piece of wire. Does 
heat really move along the wire as the wire becomes 
warmed? Explain. 

9. Why do you become warm when the sun is shining 
on you through window-panes, even though the panes 
remain cold? 

10. Why do you feel warmer on a hot day when the air 
is humid than on a hot day when the air is dry? 

11. Do 50 pounds of ice at 32° F. cool a refrigerator 
more than, less than, or the same amount as 50 pounds of 
water at 32° F.? Explain. 

12. How is evaporation used in an electric refrigerator? 

13. Tell briefly how a home can best be kept com- 
fortable in both summer and winter. 

14. How does a hot-water heating system carry heat 
from a fire in one room to another room fifty feet away? 
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Fie. 196. Through his knowledge of heat control man has learned how 
to keep his buildings cool in summer and warm in winter. This work- 
man is putting material in the walls of a house to insulate the house, 
that is, to keep heat from passing through the walls. 


LOOKING AHEAD TO UNIT 6 


HORGE WAS trying to melt some lead in a metal spoon. 

He put the lead in the spoon and held it over a gas- 

burner. Soon the spoon became so hot that he had to drop 

it. His father saw what had happened and gave him a 

spoon with a wooden handle. “Here, George, use this 

spoon. Wood is a poor conductor of heat and will not let 
your hand get burned.”’ 

What did George’s father mean when he said that wood 
is a poor conductor of heat? What is heat? How does heat 
move from one place to another? Why do we now have 
homes that are heated so much better than the homes of 
200 years ago? How can electricity be used to remove 
heat from a refrigerator? Can you answer these questions? 

Early people believed that heat was some kind of in- 
visible liquid. They thought that this liquid moved from 
place to place in materials, much as water is soaked up 
by a sponge. When materials were heated, they soaked up 
a large amount of this invisible liquid. When a material 
became cold, in some way the liquid left it. This seemed 
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Fre. 197. Do you know what an “air-conditioned” building is? Per- 
. haps you know that such a building is cool in summer no matter 
how hot the weather is. But do you know how it is kept cool? The 
science principles that you will learn in this unit will tell you. 


like a good theory. It explained how things became heated 
and cooled, and why they expanded when they were 
heated and contracted when they were cooled. But some 
things about the way heat acts could not be explained by 
this theory; therefore scientists changed their ideas. 

You have learned that heat is one of the kinds of energy. 
When materials are cold, they contain little heat energy; 
when they are hot, they contain much more heat energy. 
Heat makes materials expand, and it makes them change 
their state. Even though you have learned these things, 
you probably do not yet know just what heat energy is. 
What heat energy is will be one of the things to learn in 
this unit. 

People’s methods of heating their homes and other 
buildings have changed as much as their ideas about heat. 
Now most homes are so well heated that we scarcely know 
whether it is winter or summer unless we go outside. From 
your study of this unit you will be able to understand how 
we use heat in our homes. You will see how it is possible 
to transfer heat from a fire to the air in a room or to other 
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Fic. 198. In each picture heat is traveling in a different way. At the 
right the girl is warming her hands by holding them on warm metal. 
In the center a current of warm air is moving up from below. In the 
picture at the left radiant energy is traveling to the girl’s hands, where 
it is changed into heat. This problem will explain these three different 
methods of heat transfer. 


rooms far from the fire. You will also discover what hap- 
pens to heat when a material changes from one state to 
another. When you understand this, you will see why a 
burn from steam is more painful than a burn from boiling 
water, how ice keeps things cool, and how it is possible to 
make ice with the aid of electricity. 
Problem 1: 
HOW DOES HEAT TRAVEL FROM ONE PLACE TO ANOTHER? 

OW DOES HEAT TRAVEL BY CONDUCTION? Without 

thinking, you have probably already realized the 

general rule that heat follows when it moves. Heat is 
always moving from places of higher temperature to places 
of lower temperature, or from warm places to cooler 
places. When you pick up a cold spoon, the spoon gets 
warmer, and your fingers feel cooler, because heat is 
moving from your fingers into the spoon. When you pick 
up a hot spoon, much heat moves into your fingers. 
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Fig. 199. This diagram will help you to understand how heat travels 
by conduction. After you have studied about conduction, a good 
test would be to explain exactly what this diagram shows. 


When heat moves away from materials that are hot, 
or have a high temperature, it may travel in three different 
ways. These ways are conduction, convection, and radiation. 
They are called the three methods of heat transfer. To find 
out how heat travels, you will first do an experiment to 
get some facts about the conduction of heat. Then you 
will see how these facts can be explained. 

EXPERIMENT 33. How Is a Piece of Metal Heated? With your 
fingers hold one end of a large nail in a flame for several min- 
utes. What do you notice about the temperature of the nail? 
Does the nail become hot suddenly, or does it just get warmer 
and warmer? Rub your finger along the nail toward the flame. 
Where is the nail hottest? Coolest? 

To explain how the heat traveled from the flame to the 
other end of the nail, you will need to know what is hap- 
pening to the molecules in the metal. As you already know, 
the molecules of a substance are always moving. What 
happens to these molecules when a substance is heated? 
Scientists believe that when a substance is heated, 
molecules move faster. When the molecules move faster, 
the temperature of the object rises. If metal feels cold, 
the molecules are moving slowly. If metal feels hot, the 
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Fic. 200. These steam-pipes are covered with a layer of asbestos to 
prevent the escape of heat. Asbestos conducts heat very poorly. 


molecules are moving rapidly. Whether an object is hot or 
cold depends upon how rapidly its molecules are moving. 

Now to come back to the experiment. When the nail is 
held in the flame, the molecules in the part of the nail in 
the flame begin to bounce around faster. Since iron is a 
solid, the molecules cannot move very far before they 
bump into other molecules. When molecules get bumped, 
they start to move faster and bump the molecules next 
to them. In this way the molecules at the end of the nail 
in the flame start molecules moving faster all along the 
nail. When the molecules at the end in your hand begin 
to move faster, you feel the nail getting hotter. 

This process of passing heat from one molecule to 
another is known as conduction. The word “conduct”’ 
means “‘to lead.”’ It is a good word to describe this method 
of transferring heat, for heat seems to be led along as the 
rapidly moving molecules make their neighbors move. 

The transfer of heat by conduction is very important. 
When you build a fire in the stove, the heat from the 
burning fuel is conducted through the metal walls of the 
i stove to the air that is touching the stove. We make our 
j cooking pans of metal so that the heat from the fire may 
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be conducted to the food. 
All metals are good con- 
ductors of heat. This is one 
reason why metals are used 
in stoves, in radiators, and 
in cooking utensils. 

For some purposes we 
Fic 201. Asbestos materials used want to stop the conduction 
Farnenincing of heat. You will be sur- 

prised to find how much we 
use poor conductors, or non-conductors, of heat. Handles 
of spoons used in cooking are often covered with wood, a 
poor conductor. When your mother places a hot dish on 
the table, she usually puts a napkin or other non-con- 
ducting material under it to keep it from ruining the 
varnish. Materials that conduct heat very slowly are 
called insulators. 

Gases, such as air, are very poor conductors of heat. 
You know that you can hold your hand close to a very hot 
iron without being burned. If air were a good conductor 
of heat, you would be burned. Almost any material with 
air spaces in it is a good insulator. Notice the asbestos 
pipe covering in Figure 201. The asbestos itself is a good 
insulator. But, in addition, the covering is made with air 
spaces in it. At the right is a pile of ground-up asbestos. 
This is made into paste by moistening with water and is 
then put on pipes to insulate them, as in Figure 200. 

You wear woolen and fur clothes in winter because 
they are poor conductors of heat. In addition, wool and 
fur have many spaces filled with air, an even poorer 
conductor. When you pile blankets on top of yourself on 
a cold winter night, the blankets do not give you heat. 
They are poor conductors; they keep the heat of your 
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body from escaping rapidly into the air of the room. 
Perhaps you have heard that a newspaper wrapped 
around you under a coat or placed between blankets will 
help you keep warm. Paper is a poor conductor of heat. 
In addition, the layers of paper hold air between them. 
The paper and the air together are good heat insulators. 


Self-Testing Exercises 


1. Explain how heat is conducted through a metal rod by 
telling what happens to the molecules when one end is heated. 

2. How do we use materials that are good conductors of heat? 
Materials that are poor conductors of heat? Give examples. 


Problems to Solve 


1. Which of these are good conductors of heat: a bakelite 
cup, a pencil lead, a porcelain knob, an aluminum pan, a brick, 
an iron shovel? If you do not know, how can you find out? 

2. To keep warm in the winter, we usually cover ourselves 
with a woolen blanket. But we may also cover a piece of ice 
with a blanket to keep it from melting in the summer. How 
does the blanket help us keep warm and 
help the ice keep cool? 

3. If you were carrying ice-cream on 
a hot day, would it be better to use a 
tin bucket or a paper bucket? Why? 

4. Birds ruffle up their feathers on 
cold days in order to keep warm. Ex- 
plain how this helps. 

5. The outer pail of an ice-cream pp, 999 
freezer is usually made of wood, and 
the inner can is made of thin metal (Figure 202). Explain why 
different materials are used in the two cans. 

6. Wrap a piece of paper tightly around an iron rod. Hold 
the rod in the flame for a short time. Does the paper burn? 
Wrap the paper around a wooden rod and hold it in the flame 
for the same time. Explain the difference in what happens. 
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OW DOES HEAT TRAVEL BY CONVECTION? Did you ever 
H come into the house on a cold winter day and stand 
over the register of a hot-air heating system? If you have 
had this experience, you know that a current of air was 
bringing heat from the furnace to you. From your study 
of Unit 4, you know that the current of air from the fur- 
hace was a convection current. Also from your study 
of Unit 4 you will remember that 
gravity made the warm air move up 
from the furnace (page 216). 

Transfer of heat by convection is 
quite different from transfer of heat 
by conduction. When heat is con- 
ducted, it passes from molecule to 
molecule. When it is transferred by 
convection, the molecules of heated 
gas or liquid actually move from one 
| place to another. For example, the 
Fic. 203. Air currents M™olecules of air heated in the furnace 
set up by a hot stove move from the basement up into the 

: rooms, taking heat with them. When 
the molecules strike the furniture, walls, or objects in 
the room, they make the molecules that compose these 
objects move faster. In this way the molecules of heated 
air pass on some of their heat to the molecules they strike, 
and warm the objects in the room by conduction. 

Let us take another example of the transfer of heat by a 
convection current and see how it works. Suppose you 
have a stove in the center of a large room. All the windows 
and doors are closed, and you build a fire in the stove. By 
conduction the heat from the fire passes through the iron 
walls of the stove and into the air that touches the iron. 
The air around the stove expands when it is heated. The 
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cold air near the windows weighs more than the air around 
the stove; therefore this cooler, heavier air sinks to the 
floor, forcing the air around the stove toward the ceiling. 

The stove keeps the air around it warmer than the air 
in the other parts of the room; so the convection current 
continues. In this way the heat from the stove is trans- 
ferred to all parts of the room by the moving air. When 
- heat is transferred by the movement of heated air, or any 
other fluid, the heat is transferred by convection. 


Self-Testing Exercises 

1. A person is sitting at a window on the side of a room 
farthest from a stove. How does the heat from the stove warm 
him? Make a diagram to illustrate your answer. 

2. Is the air of a heated room warmer near the ceiling or 
near the floor? Why? 


Problems to Solve 

1. John’s science teacher told him 
that he could hold the bottom end of 
a long test-tube in his hand while he 
heated the water at the top of the test- 
tube to the boiling point, but that he 
could not hold the top end of the test- 
tube in his hand while he heated the Fye. 204 
bottom. Is this true? Why? 

2. Hot-air and hot-water furnaces are always placed in the 
basement or on the first floor, never on top floors. Why? 

3. If you wanted to get much air from the outdoors into a 
heated room in the winter, how would you arrange the openings 
in the windows? 

4. A tank of cold water and a pipe were arranged as shown 
in Figure 204. A fire was started around the pipe at A. Soon 
the tank felt warm at point B. Tell how the heat reached that 
point from the fire. Be sure to name the method of transfer 
that took place in each step. 
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OW IS HEAT TRANSFERRED BY RADIATION? The third 
H method of heat transfer is quite different from either 
conduction or convection. In both conduction and con- 
vection heat is transferred by the moving molecules of 
some material. But, strange as it may seem, heat has a 
way of traveling where there are no molecules. You can see 
that the transfer of heat from the sun to the earth cannot 
be explained by either conduction or convection. The air 
extends only about 100 miles above the earth. The remain- 
ing distance of over 90,000,000 miles is empty space. 

In empty space, where there is no material, there can 
be no molecules. You know, however, that we do receive 
heat from the sun. How can you explain this? Scientists 
tell us that the heat is transferred from the sun to the 
earth in the form of radiant energy; that is, by radiation. 
(See page 247.) An experiment will help you to see how 
this takes place. | 


EXPERIMENT 34. How Is Heat Transferred by Radiation? 
Heat an electric radiator (like the one shown in F igure 198, 
page 261) or a toaster until it glows. If you do not have either 
of these, a lighted candle may be used. Hold your hand at the 
side of the flame or source of heat, about six inches from it. 
Can you feel the heat? The heat that you feel is not coming to 
you by conduction, because you are not touching the object. 
It is not reaching you by convection, because a warm current 
of air is not flowing from the source of heat to your hand. (This 
may be tested with smoking incense or cork.) | 


No one knows exactly how radiation takes place. You 
can, however, get a general idea of what happens in radia- 
tion. A hot object gives out radiant energy. This energy 
is invisible, and it is sometimes called radiant heat. As an 
object becomes hotter and hotter, it gives out more and 
more radiant energy. This energy travels in straight lines 
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' Fic. 205. In general, dark-colored materials absorb much radiant 
energy. Light-colored and “shiny” surfaces reflect the radiant energy 
without changing it to heat; therefore they are warmed very little 
when radiant energy strikes them. Many substances, like glass and 
air, that allow light to pass through them, also allow radiant heat to 
pass through them without absorbing much of it. 


through space, but this radiant energy or radiant heat is 
not true heat. You can see that if it were, the air high 
above the earth would be warm, because it is nearer the 
sun than the lower air. But, as you know, the tops of 
high mountains are cold, and aviators must wear heavy 
clothing if they go very high. 

But this radiant energy that travels through space can 
be changed to heat energy. When radiant energy strikes 
materials that can absorb it, it sets the molecules of the 
material in more rapid motion. Thus the radiant energy is 
changed into heat energy. An experiment will help to 
make this clearer. 


EXPERIMENT 35. How Is Radiant Energy Changed to Heat? 
‘Take two test-tubes and partly cover one of them with smoke 
by rotating it in a candle flame. Place the two tubes in an 
upright position and nearly fill the tubes with water. Take the 
temperature of the water in each tube and record the readings. 
Now bring the tubes into the direct sunlight and leave them 
there for fifteen minutes. Again take the temperature of the 
water and record the readings. What do the results show? 


270 SCIENCE PROBLEMS, BOOK TWO 


In a clear test-tube the temperature of the water rises 
much less than in a blackened tube. This happens because 
the blackened tube absorbs a great deal of radiant energy 
and changes it to heat. The clear tube absorbs less of the 
radiant energy than the black tube. Study Figure 205 
carefully, and read what is said below it. 

Now you can see why the air is not warmed very much 
by the sun. The air absorbs very little of the radiant 
energy; therefore very little of it is changed to heat by 
the air. You can also see why you are warmed if you stand 
in front of a sunny window on a cold day. The window 
glass lets the radiant energy pass through without absorb- 
ing it. If you touch the window-pane, you find that it is 
cold. When the radiant energy passes through the glass 
and strikes your face or clothes, it is absorbed and changed 
to heat energy. Then you get warmer. | 

You can now understand why transfer of heat by radia- 
tion is different from transfer of heat by conduction and 
convection. No molecules are needed to transfer the heat. 
Energy is transferred from the fire or sun or stove by the 
radiant energy that they send out. This energy passes 
through transparent materials, such as air and _ glass, 
without warming them. But when the radiant energy is 
absorbed by some material and is changed into heat 
energy, then it sets the molecules of the material moving 
faster, and the material gets warmer. 


Self-Testing Exercises 

1. Tell in your own words how you are warmed when you 
stand in front of an open fire. 

2. What is wrong with this statement? Radiation is heat. 
Change the statement to make it correct. 

3. How is the transfer of heat by radiation different from 
conduction and convection? 
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Fic. 206. The glass 
bottle, shown at the 
left, has double 
walls, the space be- 
tween the walls 
being a partial vac- 
uum. 





Problems to Solve 


1. Give three original examples (ones that are not given 
in a book, but ones that you have observed) of objects being 
warmed by conduction, three examples of heat 
transferred by conduction, and three examples 
of objects being warmed by radiation. 

2. Is this statement true? Radiant energy from 
the sun passes through the space between the earth’ s 
atmosphere and the sun without warming the 
space. Explain why you believe that your answer 
is correct. 

3. Can a red-hot stove heat materials by 
conduction, convection, and radiation? Explain. 

4. On a sunny day snow melts faster where 
it is dirty or under dead leaves than where it is 
clean or in the open? Explain. “SPRING SHOCK 

5. In hot countries the people wear white py, 907 
clothes. Why are these cooler than dark clothes? 

6. Figures 206 and 207 show how a vacuum bottle is con- 
structed. Such a bottle keeps hot coffee too hot to drink for 
several hours. It also keeps cold things cold just as well. 

a) How does the vacuum between the two glass walls help 
keep the coffee hot? 

b) How could heat get across the vacuum? In a reference 
book find how that method of heat transfer is prevented. 

c) Why is a cork instead of a metal stopper used? 

d) Why will the bottle keep things cold as well as hot? 

7. Plan and carry out an experiment to find how rapidly hot 
water loses heat in a vacuum bottle. 








Fic. 208. Scenes like this are common in cities during the hot summer 
weather. The cool water is a relief from the heat, and so long as it 
continues to evaporate from the children’s bodies, it keeps them cool. 
Do you know why evaporating liquids keep things cool? 


Problem 2: 


WHAT HAPPENS TO HEAT WHEN A MATERIAL CHANGES 
FROM ONE STATE TO ANOTHER? 


F YOU HAPPEN to live, or ever have lived on a farm, 
| you may have seen your father do a curious thing. 
You may have seen him place a tub of water in the cellar 
to keep the vegetables stored there from freezing on a cold 
night. The curious part about this is that when the water 
in the tub freezes, it keeps the air in the cellar warm. Do 
you know how water keeps objects around it warmer while 
it is freezing? 

When you go swimming on a hot, sunny day, you have 
probably noticed that if you sit on the beach, you get 
very hot. But if you go into the water and get your skin 
and bathing suit wet, you can sit in the hot sun and feel 
quite cool until your skin and bathing suit dry. The sun 
is just as hot as it was before you got yourself wet, but 
you feel cooler. Why? 

A certain thing is true about each example in the two 
paragraphs above. In each case a change of state takes 
place. When water freezes, it changes from a liquid to a 
solid. When ice melts, it changes from a solid to a liquid. 
When your bathing suit dries, the liquid water changes to 
a gas. To explain these examples and many others you 
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Fie. 209. The ice melts, and the milk keeps cool in the cans. Why does 
- the ice take heat away from the milk, the cans, and the air when it 
changes to water? 


will have to discover what happens to heat when a mate- 
rial changes from one state to another. 
| HY DOES ICE COOL THINGS WHEN IT MELTS? On a hot 
\¢ summer day we often put some ice in a glass or a 
pitcher to make ice-water. When the ice is added, some 
of it melts, and the water is cooled until it is at about 
the freezing temperature. If you place the pitcher in the 
sun, the water still remains at about the same temperature 
until all the ice is gone. Now you know that the radiant 
energy from sun is giving heat to the pitcher of water, 
yet the water does not get any hotter until all the ice is 
melted. Why is this true? 


EXPERIMENT 36. What Happens When a Mixture of Ice and 
Water Is Heated? Fill a beaker two-thirds full of crushed ice. 
Place the beaker over a wire gauze on a ring stand. Heat the 
beaker with a low flame. Stir the contents of the beaker con- 
stantly and take the temperature of the water from time to 
time until the ice is all melted. Does the water get hotter and 
hotter, or does it stay cold until all of the ice is melted? 


Experiment 36 gives you something to think about. 
Ordinarily when you heat water, it gets hotter. In this 
case the water did not get much hotter when it was heated 
until after all of the ice was melted. This raises an inter- 
esting question: What became of the heat before the water 
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Fig. 210. Scientists measure heat in calories. A calorie is the amount of 
heat required to raise the temperature of one gram of water one degree 
centigrade. Careful experiments show that it takes about 80 calories 
of heat to melt one gram of ice, and the water to which the ice changes 
stays at the same temperature as the ice. But when you put 80 
calories of heat into the gram of water, the water gets so hot that it 
will burn your hand. 


began to get warmer? The only satisfactory explanation 
is that the heat was being used to change the ice into 
water without warming the water at all. 

Experiment 36 is a good example to show that heat is 
really a form of energy. Energy is what makes things 
happen, makes changes take place. Usually heat seems to 
warm things. In this experiment heat changes ice to water 
without warming it. Study Figure 210 carefully. 

Now we will try to explain what happens when ice melts. 
The water molecules, of which the ice is made, are held 
tightly together—so tightly that they cannot slide around 
over each other. In order to pull these molecules apart so 
that they can move more freely, as they do in liquid water, 
some work must be done. You know that energy is needed 
to do work. The energy needed was supplied by the heat 
of the flame. The heat energy from the flame was used to 
pull the molecules of ice apart instead of to make the 
molecules of water move faster. That is why the tempera- 
ture of the ice-water did not get higher. After the ice was 
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melted, the heat energy from the flame was used to raise 
the temperature of the water, that is, to make the mole- 
cules move more rapidly. 

Now you can see why adding ice to water cools it so 
much. When ice is added to water, the heat required to 
melt the ice comes from the water. Ice is a good cooling 
material, and it melts slowly because so much heat has 
to go into it to change it to water. Therefore it takes a 
great amount of heat away from objects that are near it. 

What you have learned about melting ice is true of 
other solids. Whenever a solid is changed to a liquid, heat 
energy 1s used in pulling 
the molecules away from 
each other. However, the 
amount of heat needed to 
melt solids is not the same 
for all kinds of solids. 


For example, the amount 


of heat required to melt 
Fic. 211. Ice cools objects because 


a gram of paraffin is dif- 
f tf pee cai heat passes from the warm objects 
erent irom that require Lorthe coldsice: 


to melt one gram of ice. 
But ice uses up more heat in melting than does almost 
any other solid substance; therefore it is a good “‘cooler.”’ 





Self-Testing Exercises 

1. Explain why ice is a good material to cool liquids. 

2. What work is heat energy doing while ice is melting? 

3. Why will a pound of ice cool a pitcher of water more than 
a pound of ice-water will cool the water in the pitcher? Keep 
in mind that both the ice and ice-water are at 32° F. or 0°C. 


Problems to Solve 
1. We use ice in refrigerators to keep our food cool. Some 
people cover the ice with blankets or paper to keep it from 
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melting. Will this keep the food as cool as it would if the ice 
were allowed to melt? Explain. 

2. Near a large body of water in which ice is melting the 
temperature of the air is cooler than it is at a place one hundred 
miles inland from the body of water. Explain. 

3. Plan an experiment to show that a pound of ice will cool 
water more than a pound of ice-water. 

4. Why do snow and ice melt slowly in the spring? 


HY DOES FREEZING WATER KEEP THE AIR AROUND IT 
WARM? You have already learned that farmers use 
freezing water to keep vegetables from freezing. Florists 
also use freezing water to keep flowers from freezing when 
they are sent by airplane. Airplanes fly at such high alti- 
tudes that the temperature of the air is often below freez- 
ing. At these temperatures the flowers would be ruined. 
Nobody knew what to do to protect the flowers until a 
scientist suggested that the florists wrap the boxes in 
many thicknesses of wet newspapers. This strange plan 
was tried, and it kept the flowers from freezing. Can you 
explain why? 

EXPERIMENT 37. Does Water Keep Getting Colder While It Is 
Freezing? Fill a test-tube or small bottle two-thirds full of 
water. Take its temperature. Put the test-tube into a can or 
pail and pack a mixture of finely cracked ice and common salt 
around it. Put a thermometer in the 
test-tube and take the temperature of 
the water every half minute until it is 
several degrees below freezing. (Do 
not try to remove the thermometer 
until the ice in the tube has melted.) 

Make a careful record of the time 
and the temperature, as shown at the 
right. Also make a graph to show the rate at which the water 
cooled. What does your graph show? 


Time Temperature 
Start 70°F. 


5 minute 67°F. 


1 minute 63°F. 
Ete. 
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Fig. 212. These two pictures will help you understand what happens 
to heat when water freezes and when ice melts. 

We take heat out of water by having it touch colder 
things. When we do this, the temperature of the water 
goes down steadily until it reaches the freezing point. 
Then, as you found in Experiment 37, the temperature 
stays the same until all the water has frozen. After that 
the temperature begins to fall again. 

Why does the water stay at the freezing point so long? 
You know that heat is being taken out of it all the time, 
yet it gets no colder. All’ of the heat that comes out of the 
water while it is freezing must come out to let the water 
change from liquid to solid. While the last of this heat is 
coming out, the water remains at 32° F. Thus, whenever 
_ water freezes, it gives out a great amount of heat. The 
heat that was put into the water to melt it must be taken 
out again to freeze it. 

Can you tell now why flowers shipped by air do not 
freeze when they are wrapped in wet newspapers? The 
flowers will not freeze until they are cooled to about 
30° F. Even though the temperature around the box falls 
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very low, the water freezes first. As it freezes it gives out 
heat, and this heat keeps the flowers from getting too 
cold. The same thing happens when a tub of water is 
placed in the cellar. As the water freezes, it gives out heat 
to the air; therefore the air in the cellar does not fall 
below freezing, and the vegetables do not freeze. 


Self-Testing Exercises 


1. Why does water remain at the freezing point until it has 
all frozen? 

2. How does freezing water keep the air in a cellar warmer 
than the air outdoors on a very cold night? 

3. Why does ice form slowly rather than rapidly in the ice 
trays of an electric refrigerator? 


HAT HAPPENS TO HEAT WHEN A LIQUID CHANGES TO 
v¢ A GAS? If you place a drop of alcohol or ether on your 
hand and let it evaporate, a curious thing happens. The 
spot on your hand from which the liquid is evaporating 
gets cold. Now you know that when anything gets cold, 
heat is being taken away from it. Apparently, heat is 
taken from your hand when the ether evaporates. Let us 
try an experiment to see if this guess is true. 


EXPERIMENT 38. Does an Evaporating Liquid Take Heat from 
the Things around It? (a) Let a stoppered bottle of ether, alco- 
hol, or water stand in your room for several hours so that it 
will be at room temperature. Get a one-holed stopper that will 
fit the bottle and push a chemical thermometer through the 
hole. Tie a piece of thin cloth or a thin layer of cotton about the 
bulb of the thermometer. Remove the regular stopper from the 
bottle and put the stopper and thermometer into the bottle so 
that the bulb is in the liquid. Have the stopper fit tightly. 

After a few minutes read the thermometer. With another 
thermometer take the temperature of the air in the room. How 
do the two temperatures compare? 





Fig. 213. Apparatus for Experiment 38 


6) Without removing the stopper from the bottle, slide the 
thermometer upward so that the bulb is above the liquid. 
After a few minutes read the thermometer. Is there any change 
in the temperature? Is the liquid on the bulb of the ther- 
mometer evaporating? 

c) Now remove the thermometer and stopper from the bottle 
and hang them up. Watch the mercury in the thermometer. 
How low does it go? Is the liquid evaporating? 

d) If you are using water, fan the thermometer. What effect 
does this have upon the temperature? 

e) If possible, repeat the experiment with one of the other 
liquids named in the directions and compare the results. Explain 
any differences you find. 


Your experiment showed you that so long as the ther- 
mometer was inside the bottle, where no evaporation 
could take place, the temperature remained the same as 
that of the room. As soon as the thermometer was brought 
into the air, the temperature dropped. When the ther- 
mometer was fanned, the temperature dropped still 
further. 

What happened in your experiment is somewhat similar 
to what happens when a solid changes to a liquid. Heat is 
required to change a solid to a liquid. Heat is also required 
to make the liquid change to a gas. The heat comes from 
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the things around the evaporating liquid. When a drop 
of water or of alcohol evaporates from your hand, heat is 
taken from your hand. When water evaporated from the 
thermometer, heat was taken from the mercury in the 
thermometer. Fanning the thermometer caused the water 
to evaporate faster. Heat was taken more rapidly from 
the mercury, and there was a greater cooling effect. If 
alcohol or ether is used, the cooling effect 1s much greater 
than with water because alcohol and ether evaporate very 
much more rapidly than water. 

Now you can see how evaporation causes cooling. If 
evaporation is slow, there is little cooling. If it 1s rapid, a 
great deal of cooling may take place. With ether and other 
liquids the temperature may even go below the freezing 
temperature of water. 

Cooling by evaporation is very important in keeping 
our bodies cool in summer. Our bodies are constantly 
making heat. We must get rid of some of the heat, or the 
temperature in our bodies will go above 98.6° F., the best 
temperature for health. Our bodies are provided with 
sweat glands. When the weather is warm, these glands. 
pour a great deal of water (sweat, or perspiration) on our 
skins. As the water evaporates, we are cooled. On hot days 
when the air is at the same temperature as our bodies, or 
even warmer, we could not keep cool without evaporation 
of sweat from our skins. 

The cooling effect of evaporation is used to tell how 
much moisture there is in the air. The instrument used 1s 
called a wet-and-dry-bulb thermometer. It usually consists 
of two thermometers. One thermometer has nothing 
around the bulb and is used to take the real temperature 
of the air. The bulb of another thermometer has a piece 
of cloth around it. This cloth is either dipped in water 


UNIT 6. CONTROL OF HEAT 


281 


when a reading is to be taken or is kept wet by having 
the lower end of the cloth in a small bottle of water. 

The amount of moisture in the air is called the humidity. 
The humidity of the air can be measured by a wet-and- 


dry bulb thermometer because 
evaporation is more rapid 
when the air is dry. When the 
evaporation is more rapid, 
the wet-bulb thermometer is 
cooled more. If the air is 
quite moist, there will be little 
evaporation, and the wet-bulb 
thermometer will read almost 
the same as the dry-bulb. 
When the air becomes com- 
pletely full of water vapor, 
evaporation of water stops. 
Then the two thermometers 
read the same. 

Evaporation takes place at 
all temperatures, but as a 
liquid becomes hotter, it evap- 
orates more rapidly. When it 
is heated enough, it boils; that 
is, bubbles of hot vapor form 
in the liquid and rise to the 
top. Water, as you know, boils 








Fic. 214. A wet-and-dry-bulb 
thermometer 


at 212°F. or 100° C. When water is first heated, the tem- 
perature continues to rise until it reaches the boiling 
temperature. Then steam begins to form very rapidly. 
After steam has begun to form, the temperature of pure 
water goes no higher, no matter how hot the fire is or how 


long you boil the water. 
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What do you suppose happens to this heat? It is used 
in changing the water into steam. It makes the molecules 
pull loose from each other and fly farther apart. The 
molecules fly so far apart that a cubic foot of water makes 
1600 cubic feet of steam. The heat energy from the fire 
does the work necessary to bring about this change from 
liquid to gas. 


Self-Testing Exercises 


1. Why does a wet-bulb thermometer usually show a lower 
temperature than a dry-bulb thermometer? 

2. How wet is air when a wet thermometer and a dry one 
show the same temperature? How do you know? 

3. Why is perspiration very useful to us during hot weather? 

4. A boy went in swimming on a warm summer day when 
the air and the water were both the same temperature. He 
shivered whenever he got out of the water. Explain why. 

5. If you draw your breath 
quickly through your partly 
opened mouth, your tongue 
feels cool. Why is this? 


Problems to Solve 


1. Will fanning cool a person 
on aday when the thermometer 
stands at 99° F. and the air 
is already full of water vapor? 

2. In some hot, dry coun- 
tries the drinking water is kept 
in the shade in porous bags or 
in porous earthenware jars. 
Enough water seeps through 


Fig. 215. In the picture at the these bags and jars to keep the 


left the air is clear and dry. At the outside surface slightly moist. 
right the air is very humid. Ex- Will the water inside be warm 


plain the pictures. or cool? Why? 














Fig. 216. Apparatus for Experiment 39 


3. Some days in summer seem very warm, and our skins are 
kept wet with perspiration even though the thermometer Says 
it is no warmer than other days when we are quite comfortable. 
Why do we feel so differently (F igure 215)? 

4. Explain why a fan makes us more comfortable on a day 
when the temperature is 100° F. 

5. Dry ice (solid carbon dioxide) is a solid that evaporates 
without melting. As it evaporates, it keeps itself at a tempera- 
ture of about — 109° F. until it is gone. Why does it stay so cold? 

6. After water has begun to boil, will potatoes cook more 
quickly with a high fire than with a low fire? Explain. 

HAT HAPPENS WHEN VAPOR CONDENSES? Your mother 

has probably told you that a burn from steam is 
worse than a burn from boiling water. Can this be pos- 
sible? If so, why? The following experiment will help you 
to answer the questions. 

EXPERIMENT 39. Which Can Warm Things More, Boiling 
Water or Steam? (a) Place a can containing at least 300 cubic 
centimeters of cool water on the left side of a pair of balances. 
Balance the can and the water. Then add 30 grams in weight 
to the right side. Take the temperature of the water. Take the 
temperature of the steam in a flask above some boiling water. 
Pass live steam from the flask through a tube into the can of 
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Fic. 217. Study this drawing carefully. It will help you to understand 
what is said in the last paragraph on this page. 

water until enough steam has condensed to balance the added 
weights. Take the temperature of the water again. 

b) Empty the can and put in the same amount of cool water 
as before (300 cubic centimeters). Take the temperature of 
some boiling water. Then pour 30 grams of boiling water into 
the can. How much does it warm the water in the can? 

How did the temperature of the steam compare with the 
temperature of the boiling water? Which one warmed the cold 
water more? How much more? Why? 


You remember what you learned about evaporating 
water. It cools things because each gram that evaporates 
takes a certain amount of heat. This heat causes the mole- 
cules to move much faster. What would you expect when 
steam or water vapor changes back to a liquid? The mole- 
cules must be slowed down. In other words, the heat that 
was required to change the liquid to a vapor must be taken 
out of the vapor again. 

In your experiment you found that steam heated the 
cold water much more than boiling water heated it, even 
though the boiling water was the same temperature as 
the steam. Enough heat comes out of each pint of con- 
densed water to heat more than five pints of water from 
freezing to boiling! The heat that comes out of a pint of 
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water when it condenses would heat thirty pounds of lead 
to its melting point and melt it. Or it would heat two 
pounds of iron white hot! 

The immense amount of heat taken in when water 
evaporates or changes to steam is of great importance to 
anyone who evaporates water, condenses water vapor, or 
handles steam. Whenever water is heated to change it 
. into steam, very large amounts of heat are required. Then 
when the steam changes back to water, the heat comes 
out of it. 

That is one reason why steam-heating plants can be 
made very effective. Water takes up a great deal of heat 
in the boiler where the fire is. This heat changes the water 
to steam. As steam, it can be sent through pipes very 
rapidly for long distances. When the steam is cooled in 
the radiators, it condenses and gives out its great store 
of heat to warm the rooms. 


Self-Testing Exercises 


1. Why is a burn from steam worse than a burn from an 
equal weight of boiling hot water? 

2. The steam that enters a radiator may be practically the 
same temperature as the water that leaves it. How has the 


room been warmed? 


Problems to Solve 

1. When water must be freed from minerals, it is distilled; 
that is, it is changed into steam and then condensed in another 
vessel. Why is this process expensive and slow? 

2. Water in the form of steam is sent into the radiators of one 
room to warm it. Hot water is sent into the radiators of another 
room of the same size as the first. Which will require more 
pounds of water to warm it? Explain. 

3. When does a vapor get the energy that is given out at the 
time the vapor condenses? 
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Problem 3: 
HOW DO WE KEEP OUR BUILDINGS WARM? 


OW DOES A FIREPLACE HEAT A ROOM? It is pleasant to 
H go into a well-heated room on a cold winter day. 
We do not roast on one side and freeze on the other; the 
air is not too dry; there are no unpleasant odors; and we do 
not have to open and close windows constantly to keep 
the room comfortable. Let us see how the principles of 
heat transfer and of evapora- 
tion and condensation are used 
to make our homes so com- 
fortable. ) 

A fireplace is one of the sim- 
plest ways of heating a room. 
It probably developed from 
the open fire in the center of 
primitive huts. Like many 
primitive inventions, it 1s not 
Fic. 218. Benjamin Franklin Very efficient. When a fire is 
invented this “stove” to set started in a fireplace, the heat 
in the fireplace so that more from the fire warms the air 
ae Pia ces POLCOUA CU mathe fireplace and the chim- 

ney. A convection current then 
moves up through the chimney. Unfortunately, this 
current carries much of the heat outdoors. The heat that 
warms the room must be transferred by radiation. 
Radiant energy goes out into the room from the fire, 
warming the walls, the furniture, and other objects. These 
warm objects then give heat to the air by conduction. 

Fireplaces cost little and take up very little space. How- 
ever, most of the heat goes up the chimney, making it 
necessary to burn much fuel in order to get enough heat, 
and the heat is not distributed evenly over the room. 
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To correct the great loss of heat in the ordinary fire- 
place, a new type of fireplace has been designed. It is 
called the ventilating fireplace (Figure 219). You can see 
from the picture what happens. Cold, fresh air from the 
outside enters through a pipe; then it passes upward be- 
hind the fire and over the top of it. The hot gases from the 
fire pass around this metal pipe, 
‘which is warmed by conduction. 
The heated air from the pipe then 
passes out through an opening 
in the front or side of the fireplace 
into the room. In this way much 
of the heat that is usually lost 
through the chimney is used to 
heat the air in the room. 

OW DOES A STOVE HEAT A 
H ROOM? Metal stoves placed 
in convenient positions in rooms 
cost little and are very efficient 
heating devices. The heat from 
the fire passes through the walls of 
the stove by conduction and sets 
up convection currents that carry the heat to all parts of 
the room. (See p. 266.) Stoves also heat by radiation. 
You may have believed that only glowing or luminous 
things, like the sun or a fire, radiate energy. However, 
almost every object sends out radiant energy. An object 
may not feel hot, but if it is warmer than things around 
it, it will lose heat energy to them by radiation. 

OW DO HOT-AIR FURNACES HEAT OUR BUILDINGS? 

Stoves, or heaters, as they are often called, take up 
much space, have to be cleaned and refueled often, cause 
considerable dirt, and are liable to cause fires. As you can 





Fic. 219. Diagram of a 
ventilating fireplace 
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readily see, 1t would be much more convenient to have one 
source of heat for all of the rooms in a house rather 
than a separate fireplace or stove for each room. This 
convenience is supplied by our modern furnace. 

A hot-air furnace is really a large stove in which the 
fire box is surrounded by an outer jacket filled with air 
— comms (Figure 220). This jacket is 
connected with the rooms 
above by pipes, or ducts, that 
lead to openings in the floors 
or walls of the rooms. These 
openings are covered with 
metal gratings called registers. 
Many hot-air systems have 
cold-air pipes, or returns, that 
carry the air back to the fur- 
nace again. In systems of this 
type the warm-air register is 
on one side of the room and 
the cold-air register on the 
other side. 

_ When the air in the jacket 
Fic. 9907 A “thodern ‘hot-air sol the furnace isiheatedsarconm 
furnace. (1) Openings for hot- vection current is produced. 
air ducts. (2) Opening for cold- The cold air in the room sinks 
TMT CU VERO eS INL through the cold-air register 
midify the warm air ; 

and pushes the lighter and 
warmer air up through the warm-air ducts. The hot air 
passes across the top of the room and is cooled. It sinks 
on the opposite side of the room and goes down through 
the cold-air register. In this way there is a complete cir- 
culation of the air in the room. Sometimes a fan is added 
to make the air circulate more rapidly. 
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Some hot-air heating systems have no cold-air return 
to the furnace. A pipe from the outside brings fresh air 
into the bottom of the jacket around the fire box, and 
this air is warmed and circulated. This type of furnace 
requires more fuel than the type in which a cold-air return 
is used, because the cold air entering from the outside 
must be heated. It has the advan- 
._ tage, however, of providing fresh 
air to the rooms and thus secur- 
ing better ventilation. 

The hot-air heating system is 
probably the most commonly used 
central-heating system in homes. 
It has many advantages. It is sim- 
ple to install and costs less than 
other types of heating systems. 
The air is heated rapidly, so that 
the furnace begins to heat the 
house almost immediately. Mois- 
ture is easily added to the hot air 
by a water pan in the furnace. 

However, the hot-air furnace has 
some disadvantages as compared 
with other heating systems. It is 
rather hard to keep an even tem- 
perature throughout the house at 
all times. A strong wind may make 
one side of the house cold and the other side too warm. 
This trouble can be partly overcome by the use of forced 
circulation. Another disadvantage is that a small crack 
in the fire box may let smoke and poisonous gases go up 
to the rooms. But this is not likely to happen. A good hot- 
air system heats a small home cheaply and satisfactorily. 





Fic. 221. How a hot-air 
heating system works 
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OW DOES A HOT-WATER HEATING SYSTEM WORK? The 
hot-water heating system supplies heat to the rooms 
of a building in much the same way as the hot-air system. 
The fire box of a furnace is surrounded by a water jacket, 
or boiler, filled with water. 
The water also fills two sets of 
pipes connected with a radia- 
tor in each room. 

When the water in the boiler 
is heated, cool water in one set 
of pipes pushes the hot water 
up the other pipes to the radi- 
ators. Each radiator is made 
of hollow metal pipes arranged 
to expose a great deal of sur- 
== face to the air. Heat is con- 
| ducted from the water through 
Fic. 222. Cut-away view of a the metal of a radiator and 
hot-water furnace. Part of the into the air that touches the 
water jacket is made of tubes etal. Convection currents 


so that more of the water can ; ‘ hth 
come in contact with the hot @T© immediately set up in the 


metal of the jacket. air, and the heat is distributed 
to all parts of the rooms. 

As the water in the radiator gives out its heat and be- 
comes cool, it sinks through the return pipe and enters the 
boiler again. Do you see that two important convec- 
tion currents heat each room: (1) the current of water 
inside the pipes and radiators and (2) the currents in the 
air of the room? 

Hot-water systems have one special feature that other 
systems do not have. If you should start a fire in a closed 
hot-water system full of water, expansion of the water 
would burst some part of the system. Some device must 


WATER TUBES 
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be used to prevent this kind of accident and yet keep 
the pipes all full of water. The usual device for this pur- 
pose is an expansion tank placed above the highest radiator 
in the system (Figure 223). 

The hot-water system has certain 
advantages. It keeps the temperature 
fairly even in all the rooms, and the 
heating plant is quite easy to operate. 
It begins to warm the rooms more 
quickly than steam, but it warms 
them more slowly than the hot-air 
system. It is economical of fuel, be- 
cause once the water is heated, only 
a small fire is needed to keep it 
hot and circulating. The pipes and 
the furnace take up much less space 
than do those of a hot-air heating 
system. 

Perhaps the greatest disadvantage 
of the hot-water system is that it 
costs so much to install. It is also 
necessary to provide a separate ven- 
tilation system. If the fire is allowed 
to go out for some time during the 
winter, the pipes must be carefully 
drained of water. Water left in the 

} water heating system 
pipes may freeze, expand, and break. . 4, 
(See Experiment 19, page 139.) 

OW DOES A STEAM-HEATING SYSTEM WORK? The con- 
H struction of a steam-heating system is very much 
like that of a hot-water system. The water is heated in a 
water jacket or boiler around the fire box. However, the 
boiler is only partly filled with water. The heat trom the 





Fic. 223. How a hot- 
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fire changes the water to steam, and 
the steam is forced upward through 
the pipes and to the radiators. In 
the radiators the steam condenses. 
As you know, when the steam con- 
denses, it gives up the very large 
amount of heat that was needed to 
evaporate the water in the boiler. 
This heat warms the metal of the 
radiators, and the rooms are warmed. 

The condensed steam then passes 
down through a pipe back to the boil- 
er, where it is again changed to steam. 
In “one-pipe” steam systems the 
@ARE Bx water returning to the boiler leaves 
a pie) the radiator through the same pipe 
monde used to bring the steam to the radi- 
Fic. 224. How asteam ator. In other systems there are sep- 
heating system works arate pipes for steam and water. 

Steam-heating systems require several special devices 
to make them work successfully. Each boiler must have a 
safety valve to let steam out if for any reason the pressure 
becomes too high (Figure 224). A water gauge, or ‘water 
glass,” is always used to show how high the water stands 
in the boiler. If the water gets too low, the boiler will be 
seriously damaged. Steam radiators must usually have 
air vents to let the air out so that the steam can come in. 
These little devices contain a special valve that is oper- 
ated by heat. So long as cool air is escaping, they remain 
open. But when the hot steam reaches them, they close 
and keep it in. 

Steam-heating systems are commonly used in large 
buildings, because the pressure produced by the steam 
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forces the steam rapidly through the pipes and radiators. 
The result is that rooms a long distance from the furnace 
may easily be heated. The cost of installing a steam heat- 
ing system is higher than that of a hot-air heating system, 
and a steam system provides no method of ventilation. 


Self-Testing Exercises 

1. Why is a stove more efficient than a fireplace? 

2. In what ways is a hot-air system like a hot-water system? 
In what ways is it different? 

3. Why do the radiators of a steam heating plant get hotter 
than the radiators of a hot-water heating system? 

4. If you were going to build a house, what kind of heating 
system would you choose? Why? 


Problems to Solve 

1. Of all the heating systems described in this book, which 
one radiates no heat into a room? 

2. What kind of heating system is most common in your 
community? What are the reasons for its use there? 

3. A convection current is necessary for the working of every 
common heating device that uses fire. What does this current 
do in each device? 

4. Find out about vapor, vacuum, or low-pressure heating 
systems. What is the advantage of this type of system? 

5. Find out about different kinds of hot-air furnaces. What 
are the advantages of each type? 

6. Find out how automatic coal stokers work and how they 


cut fuel costs. 
7. Find out how thermostats regulate the temperature. 


OW CAN THE HEAT BE KEPT IN OUR BUILDINGS? You 
have learned how good conductors with special ar- 
rangements of pipes and other devices are used to transfer 
heat from fires to the rooms where you live. It is almost as 
important to know how to keep the heat inside our homes. 
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Fig. 225. This man is in- 
sulating an attic by filling 
the spaces between the 
beams with insulating 
material. Materials like 
this are also blown into 
the space between the 
inner and outer walls of 
a house. 

The insulating mate- 
rials commonly used are 
incombustible and are 
treated with chemicals so 
that insects will not nest 
in them or feed on them. 
Asbestos and certain ma- 
terials made of rock are 
popular insulators. 





Houses are made much more comfortable when we apply 
our knowledge of heat transfer to the problem of pre- 
venting the escape of heat from the house. In addition, 
the cost of heating the house is lowered. 

Heat can escape from our buildings in three ways: (1) 
It can be conducted through walls and windows. (2) It can 
be carried out of the house with the air that passes through 
porous walls and through cracks around windows and 
doors. (3) It can be radiated through windows. 

T’o reduce these losses of heat we can do several things. 
Cracks around window and door casings should be filled. 
Special putty-like materials are sold for this purpose. 
‘“Weather-strips’” around window-sashes and doors are 
also a great help. Next in importance is the use of extra 
windows, or storm windows, outside the regular windows. 
A great deal of heat is lost by conduction through glass. 
Two windows with an air space between them greatly 
reduce this heat loss. 


I ee 
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The last important way to 
keep heat in our buildings is 
to use good insulating mate- 
rials, or non-conductors, in the 
walls and under the roofs. The 
walls of wooden houses are 
usually double with air spaces 
‘In them. Such houses are py¢. 296. The window at the 
made much warmer in winter right is ready for winter with 
if these spaces are filled with 1s storm window in place. 
good insulation, such as mineral wool. A layer of good 
insulation between the ceiling and roof of almost any 
building also helps to reduce the loss of heat by con- 
duction. Insulation is also valuable in summer because 
the heat is kept outside, and the house remains cooler. 





Self-Testing Exercises 


1. State the three ways in which heat is lost from poorly 
constructed buildings. 

2. What are the most important ways of preventing loss of 
heat from a home? Explain why each one helps. 


Problems to Solve 


1. Examine your own home and decide whether the heat loss 
is serious in cold weather. 

2. What are common insulating materials made of, and why 
are they non-conductors of heat? Watch for advertisements 
and prepare an exhibit of different kinds of insulation. 

3. How would the addition of storm windows to a house 
make the air warmer near the floor? Draw a diagram to show 
how it would affect the convection currents in the room. 

4. Attic rooms are often too hot to use during the summer. 
What could you do to make such a room comfortable? 

5. Why are basement rooms usually the coolest rooms of a 
house during hot weather? 








Fic. 227. Until modern science showed men how to control heat, ice 
could be obtained only by cutting it from lakes, ponds, and rivers 
in winter. The ice was then stored in insulated ice-houses and covered 
with some insulating material like sawdust or straw. In this way part 
of the ice could be kept all summer. However, the ice often contained 
disease germs or dirt, and in many places the winters were not cold 
enough to form thick layers of ice. 


Problem 4: 
HOW DO WE KEEP THINGS COOL IN WARM WEATHER? 

N WARM WEATHER many kinds of food and many drinks 
| are much more appetizing if they are cold. In such 
weather we also like to have the air in our buildings cool. 
But it is even more important that foods such as milk 
and meat be kept from spoiling. The bacteria and other 
living things that cause milk to sour and fresh meat to 
decay grow very rapidly at summer temperatures. There- 
fore these foods must be used up quickly unless there 1s 
some way to keep them cool. If foods can be kept at a 
temperature of 40° F. and lower, the bacteria that cause 
them to decay cannot grow. 

For a long time the only practical way to keep food 
cool was to use cool cellars, cool water from wells and 
lakes, and ice from lakes and streams. These methods are 
still used in many country homes. However, many years 
ago machines for making ice were invented. The artificial 
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Fic. 228. A modern ice-making plant. The floor is really tops of cans 
full of water and partly submerged in a solution of salt and water. 
Nine of these cans are seen pulled up out of the salt water. In the 
background is the machinery that compresses the vapor, keeps a 
partial vacuum in the vaporizing pipes, and in other ways operates 
the plant. Figure 231, page 301, shows how such a plant works. 


ice made by machines had so many advantages that it 
soon took the place of natural ice wherever it could be 
made. Today great refrigerating and cold-storage ma- 
chines are found in almost every town or city of any size. 
And every home that is supplied with electric current may 
have a small electric refrigerator to keep food cool and 
to make small amounts of ice. Homes without electricity 
may have refrigerators that burn kerosene or illuminating 
gas to keep them cool! 

OW CAN ICE BE MADE IN A WARM PLACE? In order to 
H make water freeze in warm weather or to make the 
inside of a box or room cool, something must be done to 
make heat go backward; that is, heat must be made to 
move from a cool place to a warm place. Can you imagine 
how a machine can do this? 

Probably you know that ice-cream is frozen by putting 
a mixture of ice and salt around a can that contains a 
mixture of cream and other materials. Of course, water 
could be frozen in the same way, but you would need ice 


fe WE 
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to start with. You can make a little ice for yourself with- 
out having anything cold to start with. To do this you will 
need to use the process of evaporation. 


EXPERIMENT 40. How Can Ice Be Made by Evaporation? Put 
three or four drops of water in the center of a large flat cork. 
On the water place a thin, concave glass dish known as a 
“watch glass.’ The experiment will work best if the watch glass 
is at least three inches in diameter. Set the cork and dish in a 
well-ventilated place away from any flame. Fill the dish almost 
full of ether. Fan the ether vigorously with a piece of cardboard 
or a folded newspaper. 

When the ether has almost evaporated, you should see a ring 
of frost on the under side of the watch glass. Lift the watch 
glass by the edge. Why does the cork stick to the glass? Ex- 
plain what has happened. You may be able to understand 
better what happened if you repeat the experiment while some- 
one holds the bulb of a chemical thermometer in the evaporat- 
ing ether and calls out the temperature from time to time. 


You know from Problem 2 that much heat is required 
when a substance evaporates. Ether evaporates much | 
faster than water. Fanning the ether drives the ether 
vapor away and helps the liquid to evaporate even faster 
than it would without fanning. This rapid evaporation 
takes heat out of the liquid ether until its temperature is 
below 32° F. The warmer water gives up heat by conduc- 
tion through the watch glass into the ether until the water 
freezes. 

The ether and dish in this experiment formed a small ice 
machine. However, you can see that ice made by this plan 
would be very expensive. The ether or other liquid used to 
lower the temperature is evaporated and lost. Let us see 
how the inventors have solved the difficulties of making 
things very cold by evaporation. 
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OW DO REFRIGERATING MA- 
H CHINES worRK? To find out 
how artificial cooling machines 
work, we will examine an electric 
refrigerator. First of all, such a 
machine must have something to 
hold the evaporating liquid. This 
- evaporator is a box-like part inside 
the refrigerator near the top, and 
surrounded by coils of pipe. In the 
box are trays to hold the water for 
making ice. The pipes of the evap- 
orator are, of course, gas tight. 

Some kind of liquid that evap- 
orates easily is placed between the 
walls, and the air is pumped out. 
Removing the air allows the liquid 
to evaporate more rapidly. The 
heat required for the evaporation 





: ’ ; Fic. 229. A modern elec- 
is taken from the water in the ice tric Here betntcie wee 


trays and from the air in the re-_ evaporator and ice-mak- 


ing box are seen at the 


frigerator. The rapid evaporation : 
op. 


of the liquid soon cools the evap- 
orator to a very low temperature, water freezes in the 
trays, and the food compartments become very cold. 

But soon the space above the liquid has all the vapor it 
ean hold, and evaporation stops. You can see that the 
refrigerating machine needs some more parts to take the 
vapor out and to let the liquid keep on evaporating. The 
vapor is removed by a pump commonly called the com- 
pressor. And of course there must be something to run the 
pump. That is what the electric motor does. The pump is — 
connected to the top of the evaporator by a pipe. When 
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the pump runs, it removes the vapor from 
the evaporator; then more liquid can take 
up heat and evaporate. 

This vapor is too expensive to throw 
away; so there must be some way of saving 
it to use again. The part of the machine 
that saves the vapor is called the condenser. 
The condenser is made of coils of pipe. 
Sometimes it looks like a small automobile 
radiator near the electric motor. Sometimes 
it is a round coil of pipe on top of the 
refrigerator. In the condenser the molecules 
of vapor are squeezed close together by pres- 
sure. This makes them condense, or change 
back into a liquid, if they are kept cool. 

But compressing a gas makes it warmer, 
and this warmth keeps the vapor from 





Fic. 230 


thing to remove heat from the condenser. 
This work is done by the air. The vapor in the condenser 
is warmer than the air of the room; therefore heat is con- 
ducted through the condenser pipes into the air. A fan 
attached to the motor blows the warm air away and brings 
cooler air to take up more heat. Or, if the coils are on top 
of the refrigerator, convection currents carry the heated 
air away fast enough so that no fan is needed. 

As the air carries the heat away from the vapor in the 
pipes, the vapor condenses and gives out all the heat 
it took from the inside of the refrigerator while it was 
evaporating. Then the liquid goes back into the evapo- 
rator and gets some more heat. This process is repeated 
over and over again. A thermostat operated by electricity 
turns the current on for the motor when the ice-box falls 


condensing. Therefore there must be some-. 





CHILLED BRINE SOLUTION ~~ _ 





Fig. 231. Study this diagram of an ice-making plant carefully until 
you are sure you can explain exactly’ how such a plant works. What 
you have learned about home refrigerators should enable you to 
explain the ice-making machinery. Be sure that you can explain 
what the vaporizing valve, the cold running water, and the com- 
pression pump do. 


to a certain temperature. It also turns off the current 
when the ice-box is sufficiently cooled. Most ice-boxes 
have regulators that can be set to make the box colder 
or warmer. 

The liquid used in many home refrigerators is sulphur 
dioxide. Sulphur dioxide is the gas that is formed when 
sulphur burns. Ordinarily it is a gas, but it is rather easily 
condensed into a liquid for use in refrigerators. Scientists 
have found a number of other compounds that can also 
be used for the same purpose. Liquid ammonia is the com- 
pound most commonly used in large artificial ice plants 
and cold-storage plants. 

In an ice plant or a cold-storage plant the evaporation 
of the ammonia cools a concentrated solution of salt, or 
calcium chloride, called brine. Since a solution freezes at a 
lower temperature than water, the brine can be made 
very cold without freezing. Then it is circulated around 
tanks of water to make ice. Or it is sent through pipes to 
take the heat out of rooms where meat and other foods 
are stored. 

What a mechanical refrigerating machines does, then, 
is to cool the inside of a refrigerator or a tank of brine by 
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allowing a liquid to evaporate very rapidly. The vapor 
that is formed is then compressed and condensed so that 
it gives up its heat in another part of the machine. The 
unwanted heat is carried away by a current of air or a 
stream of water. Of course, good heat-insulating materials 
are used in the walls of refrigerators and of cold-storage 
rooms to help prevent the entrance of heat from the out- 
side during warm weather. 


Self-Testing Exercises 

1. Tell how the evaporator in Figure 230 is made very cold. 

2. Why is a fan usually placed where it will blow air on the 
condenser pipes of an electric refrigerator? 

3. Why does an electric refrigerator need a motor? 

4. Some boys and girls think an electric refrigerator is kept 
cool by the ice cubes in it. Why is this idea wrong? 


Problems to Solve 

1. Why was a cork used under the glass in Experiment 40? 

2. Trace the heat from a tray of ice cubes in an electric 
refrigerator or from a can of ice in an ice plant to the outside 
air. Remember to tell where it is conducted through metal, 
where absorbed by evaporating liquid, where carried by circu- 
lation, ete. Use the diagrams of the book to help you. 

3. Why does a refrigerator get warm after the motor stops 
or all the ice melts (if it is an ice refrigerator) ? 

OW ARE BUILDINGS AIR-CONDITIONED? Many theaters, 
H some stores, and a few homes are now “air-con- 
ditioned.”’ Complete air-conditioning includes several 
things. In air-conditioned buildings the air is kept at the 
most comfortable temperature—warmed in the winter 
and cooled in summer. The amount of water vapor in the 
air is kept at the correct level—increased in the winter 
and decreased in the summer. Dust in the air is filtered 
or washed out. 





Fic. 232. This is a humidifier for use in homes. It is connected to 
pipes that lead to the rooms. Notice the spray of water. A fan blows 
the moist air up through the pipes. 


We usually think of air-conditioning in connection with 
the cooling of the air in hot weather. This requires a re- 
frigerating machine that works like an ordinary electric 
refrigerator. As in a cold-storage building, the machine 
cools brine. The brine is then circulated through pipes 
over which the air is blown by large fans. Or water is 
cooled and sprayed through the air. Usually the air 1s 
cooled below the required temperature. This causes some 
of the water vapor in it to condense. Afterwards the air is 
warmed up to room temperature. It can then evaporate 
the right amount of perspiration from our skins to keep 
us comfortable. 

The air-conditioned cars on railroads are cooled in 
several ways. One plan is to put large cakes of ice in boxes 
underneath the cars. Air from inside the cars is blown 
over the ice to cool it and take out excess moisture. In 
other plans the air is cooled by a refrigerating machine 
operated by electricity or by steam. 

Good insulation is just as important in keeping a build- 
ing or a railway car cool as in keeping it warm. If heat 
gets in through the walls almost as fast as the refrigerating 
machinery takes it out, air-conditioning 1s too expensive 
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to be practical. Buildings and cars that are air-conditioned 
are tightly constructed with well-insulated walls and often 
with double windows. 


Self-Testing Exercises 


1. What is meant by the complete air-conditioning of a 
building? 

2. How is the air of air-conditioned buildings cooled? 

3. How is the unwanted water vapor removed from the air in 
air-conditioned buildings? 


Problems to Solve 


1. How are refrigerator cars and refrigerated trucks cooled? 
Look in an encyclopedia under the topic, “Refrigeration.” 

2. If you have an air-conditioned theater or store in your 
locality, make arrangements with the manager to see the 
machinery and learn how it works. 


LOOKING BACK AT UNIT 6 


1. With the Table of Contents before you as a reminder, 
write down a list of what you think are the important ideas in 
this unit. 

2. Which ideas do you think are most interesting and valu- 
able? 

3. Show that you know the meanings of the following terms: 
conduction heat insulation water gauge —_-wet-and-dry bulb 
convection expansion tank — atr vent thermometer 
radiation safety valve humidity brine 


ADDITIONAL EXERCISES 


1. Make a wet-and-dry-bulb thermometer from two cheap 
thermometers: Select two thermometers that read about the 
average of all those shown in the store and that read alike. 
Fasten both to a board of convenient size. Remove the metal 
guard from the bulb of one thermometer and slip over it a piece 
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of linen cloth that you have sewed into a tube of suitable size. 
Find in some science book a table giving the humidity for dif- 
ferent readings. Then measure the humidity in your home, in 
your classroom, and outdoors when the air is above 32° F. 
Remember that the wet-bulb should be fanned before a reading 
is taken. 

2. See how low a temperature you can obtain by evaporating 
ether or alcohol from a cloth wrapped around the bulb of a 
thermometer. 

3. ‘Tack cloth all around a cubical wooden frame. Place a 
thermometer so that its bulb will be inside the inclosure, but 
the scale will be where you can read it. Wet the cloth and see 
how cool the inside of your “refrigerator” will get. Many 
campers use this plan for keeping food cool. 

4. Obtain a small porous flower-pot. Seal up the hole in the 
bottom with a cork and some paraffin. Hang the pot up and fill 
it with water. Also fill a tin can with water. See how much 
cooler the water stays in the pot than in the tin can. Why does 
it stay cooler? 

5. How can a single compressor in the basement keep several 
refrigerators in a building cool? 

6. Why is a fan not needed when the condensing coils are 
placed on top of the refrigerator? 

7. Compare a refrigerating machine with a steam-heating 
system. Begin by thinking where evaporation and condensation 
take place, where the coolest and the warmest parts are, where 
‘the systems get the energy to make them work, etc. 

8. The first thin coating of ice on a pond may form over- 
night, but after a long time the ice may be only an inch or two 
thick. Give at least two reasons why the ice gets thicker so 
slowly. 

9. Salt makes ice melt. Why does a mixture of salt and ice 
go far below the temperature of the ice that is put in? 

10. Plan and carry out an experiment to find whether copper 
or iron conducts heat more rapidly. 
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11. Cold cannot be radiated because cold is only the opposite 
of heat. Keeping this fact in mind, explain why your hand feels 
cooler when it is held at one side of a large cake of ice. 

12. Why is a snow house good protection from cold weather 
in the arctic regions? 

13. Drop some small pieces of ice in a test-tube and then drop 
a small rock on top of the ice to hold the ice in the bottom of 
the test-tube. Heat the upper part of the test-tube until it 
boils. What evidence does this give you as to whether water is 
a good conductor or a poor conductor of heat? 

14. One man reported that painting his automobile top with 
aluminum paint made the car ten degrees cooler on a sunny 
day. Do you think this could be correct? Why? » 





Fic. 233. Long before men had any scientific knowledge of weather, 
they knew that the movement of the air had much to do with weather. 
Wind vanes have been in use for hundreds of years, telling people 
which way the wind is blowing. In this unit you will learn just how 
important the movement of the air is in the changes that take place 
in the weather. (Ewing Galloway, N. Y.) 


UNIT SEVEN 





UNIT 7 
WHAT MAKES THE WEATHER CHANGE? 


INTRODUCTORY EXERCISES 


1. Make a list of the words used to describe weather. 
What do these words tell you about the weather? For ex- 
ample, the word “hot” tells you about the temperature. 

2. What signs tell when it is likely to rain, snow, get 
hotter, or get colder? 

*3. How can water vapor in the air be condensed, or 
changed to liquid water? 

4. What is a wind? What makes the wind blow? 

5. How is the air warmed? 

*6. What happens to air when it is heated? 
*7. What are the two kinds of thermometers that are 
commonly used? 

8. You can learn a great deal about weather by making 
observations over a period of time. A thermometer and a 
barometer are the chief instruments you will need. You 
can make a barometer as suggested in Problem 6, page 
343, or you can take the barometer readings from daily 
weather reports in a newspaper. 

Prepare a chart like the one below to record your obser- 
vations. Under the column headed Condition of Sky the 
following symbols may be used: If you judge the sky to be 
more than two-thirds cloudy, use the symbol @. If the sky 
is from one-third to two-thirds cloudy, use the symbol ©. 
If the sky is less than one-third cloudy, use this symbol O. 
In the column headed Kinds of Precipitation list rain, fog, 
snow, sleet, or hail. In the column headed Direction of 
Wind write the direction from which the wind is blowing. 











Atmos- Te Direc- Condi- | Kinds of 
Date Time pheric sieges tion of | tion of Precipi- 
Pressure | P | Wind Sky tation 








March 1 | 9:00 a.m. 
4:00 P.M. 
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Fic. 234. The United States Weather Bureau tries to take the guess 
out of weather forecasting by the use of many scientific instruments 
and observations. The man in the corner is looking at a triple register, 
which records the velocity and the direction of the wind and the 
amount of sunshine or rainfall. 


LOOKING AHEAD TO UNIT 7 


ID YOU ever try to predict what the weather is going 
to be? Perhaps you think that you have never done 
so. However, if you have ever looked at the sky and said, 
**T think it is going to rain,” or “I believe it will be hot 
today,” you were predicting, or forecasting, the weather. 
It is no wonder that nearly everyone is interested in the 
weather. Weather makes us comfortable or uncomfortable. 
It determines whether or not we will go on a picnic. It 
determines the kinds of clothes we wear. We usually con- 
sider the weather when we make our plans for the day. It 
affects so many things we do that it is no wonder people 
frequently ask, ““What’s the weather today?” 

Of course, weather is something that neither you nor 
anyone else can control. If the conditions are right, it will 
rain; if not, it will not rain. Scientists have learned how to 
regulate the weather in our homes, but they cannot change 
the weather outside. There is only one thing that scientists 
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can do about weather. 
They can predict quite ac- 
curately what the weather 
is going to be. Scientists 
know what conditions 
cause rain, snow, or fair 
weather, and they usually 
ean tell whether these 
conditions will be present 
during the next twenty- 
four or forty-eight hours. 

Long before scientists 
discovered how different 
kinds of weather are pro- 
duced, man tried to pre- 
dict tthe weather. He 
watched the sky, felt the 


Weather Goes 
Topsy Turvy 
All Over US! 


Topsy turvy weather prevailed over 
the United States yesterday. 

In Chicago the mercury rose to 69 
degrees, an all-time high for Nov. 23 
and the equal of the highest mark | 
ever recorded so late in the season. 
Bathers frolicked in Lake Michigan— 
not many, but some. Today, accord- 
ing to the official forecast, there may 
be rain and the temperature may fall 
sharply in the afternoon or evening. 

Rochester, N. Y., reported a high 
yesterday of 74 degrees, a mark that 
has not even been approached at this | 
date since 1887, when 71 was the maxi- 
mum. New York, Albany, Philadel- 
phia, Pittsburgh and Washington each 
had a summertime high of 72 degrees. 
It was a perfect June day almost 
everywhere east of the Mississippi. 


Subzero, Snow in West 


But in the west it was altogether 
different. In the Rocky mountains | 
snow lay deeply drifted and there 





air, observed the direc- 
tion of the wind, and 
noticed whether it was 
getting warmer or colder. 
As a result of these observations he discovered that when 
certain conditions are present, a certain kind of weather 
usually follows. He did not know why this was true; he 
merely knew that it was true. For example, he found that 
when the wind shifted into the east, it was likely to rain. 
Perhaps you have heard the old weather saying, or prov- 
erb, ““When the wind veers to the east, *tis good for 
neither man nor beast.” 

There are hundreds of these old sayings; they represent 
the long experience of men regarding those changes in the 
air that cause changes in weather. Many of these old 
sayings may be used to predict weather quite successfully. 
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Fia. 235. From what you are learn- | 
ing in this unit you should be able to 
understand this weather story that — 
was printed one day in a newspaper. 


were many places the thermometers 
registered from 10 above down to 12 
below zero. 

Near Los Angeles the orange and 
lemon growers battled to save their 
orchards in temperatures ranging 
from 23 to 29 degrees. Icicles hung 
on eaves and frost coated the Cali- 
fornia meadows. The pepper and let- 
tuce crops were severely damaged. 
Reports said that the smudge pots, 
from whieh the orange and lemon 
growers had been pouring black smoke 
for three nights, were being kept go- 
ing at full blast. 


Warm Weather in East 


Isotherms, those dotted lines sweep- 
ing across the weather map to indi- 
cate places of equal temperature, 
usually run in a general east and west 
direction. Yesterday they lay over the 
central United States in a general 
north-south direction. To the east it 
was warm, to the west cold. 

There were heavy rains just west of 
the Mississippi, and a train wreck at 
Indianola, Ia., was attributed to a 
washout of the track. The official ex- 
planation of the freakish weather was 
that a “trough” of low pressure, 
squeezed back by a tarrying of high 
pressure centered over Virginia, was 
preventing the western storms with 
their snows and low temperatures from 
backing through to the balmy east. 


Everything that you study in science 
should be a great help to you in 
reading newspapers and magazines 
more intelligently. 


But some of the prov- 
erbs concerning weather 
are nothing but supersti- 
tions. For example, many 
people still believe that 
we will have six weeks of 
bad weather if the ground 
hog sees his shadow on 
February 2. Others be- 
lieve that the thickness of 
fur grown by squirrels and 
other animals in the fall 
is a sign of whether the 
winter will be cold or 
warm. Many such weather 
sayings are false because 
they are based on things 
that have no real connec- 
tion with the weather. 

Make a list of the “‘say- 
ings’ you have heard used 


to tell what the weather will be; for example, ““When 
the sun sets red, it will be a clear day tomorrow.’ Many 
of these sayings are just superstitions; others are really 
valuable in predicting the weather. 

Keep your list, and, as your study progresses and you 
learn more about weather, write the word “Superstition” 
after those signs and sayings that cannot be explained by 
the facts of science. Write “Scientific” after those that 
can be explained by the facts. 

There are, then, two kinds of weather sayings: those 
based upon actual observation and those based merely on 
superstition. How are we to tell which sayings are correct 
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and which sayings are incorrect? How can we become 
fairly accurate in predicting what the weather is likely 
to be? The best way to learn how to predict the weather 
for yourself is to understand how changes in weather are 
brought about. What makes it rain? What makes the 
wind change direction? How does a change in the direction 
of the wind bring changes in weather? These are only a 
few of the questions you need to be able to answer to 
understand changes in weather. 


Problem 1: 
WHAT CAUSES THE DIFFERENT KINDS OF WEATHER? 

OW DO WE DESCRIBE WEATHER? Usually one of the 

first things we do in the morning is to peek outside 

to see what the weather is. We look at the sky to see 
whether the sun is shining, at a thermometer to see how 
warm or cold it is, and at the trees to see how hard the 
wind is blowing. If we have a morning paper, we read the: 
weather forecast. Or we may turn on the radio and hear 
the weather forecast. From this information we get an 
idea of what the weather will be for the day. 

The words that we use to describe weather really tell 
us what weather is. We look at the sky, and we say that 
it is fair, clear, cloudy, rainy, foggy, or snowy. These 
words are used to tell what is happening to the moisture 
content of the air. If it is fair, or clear, moisture is not 
coming out of the air. If it is cloudy, rainy, or foggy, the 
water vapor in the air is condensing, that is, it is changing 
to liquid water. 

Sometimes we say that the air is “muggy,” humid, or 
dry. Here we are describing how the air feels to us. If the 
perspiration does not evaporate quickly from our bodies, 
we say that the air is humid. By this we mean that the air 





Fic. 236. Because the weather reports in the newspapers and over the 
radio predicted rain or snow for the day, hundreds of people pro- 
tected themselves by wearing heavy coats and carrying umbrellas. 


contains a great deal of water vapor. If our skin feels 
parched and perspiration evaporates quickly, we say that 
it is “dry”? weather. Usually when we describe weather, 
we use some word or words to tell about the moisture 
in the air. 

No description of weather would be complete without 
some mention of the temperature of the air. We say that 
it is cold, cool, warm, or hot. Often we say that it is cooler 
or warmer. What we mean is that the temperature is 
higher or lower than it was the day before. 

Another important part of weather is the way the air 
is moving. We describe the movement of the air by saying 
that the weather is calm, still, windy, or breezy. We tell 
the direction of the wind by mentioning the direction 
from which it is blowing. A north wind, for example, is a 
wind blowing from the north. This movement of air, as 
you will learn later, is a very important part of weather. 

From this description you can see that the weather at 
any time is made up of the way the air is moving, the 
temperature of the air, and the condition of the moisture 
in the air. That is, the weather where you are is simply the 
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condition of the air in your locality. Now let us find out 
what causes the different kinds of weather. 

OW IS THE AIR WARMED? As you already know, the 
H air covering of the earth is warmed by the sun. You 
also know (page 269) that the radiant energy from the sun 
passes through the air without warming it very much. 
Therefore the radiant energy from the sun must be ab- 
sorbed by some other material and changed to heat before 
it can raise the temperature of the air. This happens when 
the radiant energy strikes the surface of the earth. The 
top layer of soil becomes warmer and warmer as the sun 
shines on it. So does the water surface of the earth, and 
so do the rocks. 

The air in close contact with the earth receives heat 
from the warm earth’s surface. This heat passes by con- 
duction from the earth to the cooler air. As you know, 
when air is heated, it expands and becomes lighter. The 
colder, heavier air farther above the earth sinks and 
pushes up the lighter, warmer air. The air that sinks then 
receives heat from the earth, and it, in turn, is pushed 
upward by cooler air sinking from above. Thus the air 
covering of the earth is warmed by the heat from the 
rocks, soil, and water, which get their heat from the sun. 


Self-Testing Exercises 

1. Why does a thermometer in the sun register a higher tem- 
perature than a thermometer in the shade? 

2. ‘The top of a mountain is much nearer to the sun than a 
valley is. Why is the temperature higher in the valley than on 
the mountain? © ; 

HY DOES THE WIND BLOW? If you remember what 

v¢ you learned about convection currents in Units 4 
and 6, you already know why the wind blows. A wind is 
just an enormous convection current that extends over a 
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Fic. 237. During the day when the air over the land is warmer than 
the air over the water, a breeze blows toward the land. At night, 
when the air over the land is cooler than the air over the water, a 
breeze blows toward the water. 


wide region. It is produced in the same way that a convec- 
tion current is produced in a room where there is a stove. 
All that is needed for the air to move is that it weigh more 
at one place than at another. 

As you already know, a cubic foot of cold air weighs 
more than a cubic foot of hot air. Therefore, when the 
air is cold, the air pressure will be greater than when the 
air is hot. The cold air will sink, flow along the ground, 
and push up the warmer air. This movement of the air 
along the ground is what we call a wind. 

Many of the changes in wind direction are caused by 
changes in the temperature of two places near each other. 
For example, suppose that you live on the shore of a large 
body of water. The sun warms both the land and the 
water, but the water does not get warm as quickly as the 

land. Therefore the air over the land is warmer than the 
air over the water. If the difference in the weight of the air 
becomes great enough, the heavier, cooler air over the 
water will force the warm air over the land upward. Thus 

_we have a sea breeze or a lake breeze along the shore. 
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If you live in a valley, you have probably noticed the 
cool wind that flows down the side of the mountain after 
a hot day. Up on the mountain the air is less dense, and 
the heat from the soil and rocks is radiated out through 
the thin air quite rapidly. In a valley the air is denser: it 
therefore acts as a blanket to keep the heat from escaping 
rapidly. At night the difference in pressure between the 
high, cool air and the low, warm air becomes so great that 
the cooler air flows down the mountainside and pushes 
up this warmer air in the valley. 

There are, of course, many other conditions that pro- 
duce local winds. The air over forests is cooler than the 
air over grasslands. The air over grasslands is cooler than 
air over plowed fields. Differences in the temperature of 
such places close together thus bring about light breezes. 
These winds, however, affect only small areas. They bring 
about changes in temperature and weather conditions for 
a distance of only a few miles. A shift in the wind in 
Chicago so that the lake breeze flows toward the land 
may make the temperature twenty degrees cooler. Ten 
miles inland, however, the temperature may not change. 

The winds that bring about changes in weather over 
wide areas, however, are not caused by local conditions. 
The changes in the direction of the wind and in the speed 
of the wind over wide areas are the result of the move- 
ment of large “whirlpools” of air across our country. 

The direction of the wind and the temperature of a 
place are closely related. A change in the direction of the 
wind over wide areas will bring about a change in tem- 
perature. Usually when the winds shift to the north and 
west, 1t becomes cooler; the opposite is true when winds 
shift to the south. You will learn more about winds in 
Problem 2. 
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Self-Testing Exercises 

1. Explain how changes in temperature change the density 
of the air. Explain how a change in the density of air changes 
the pressure of the air. 

2. Explain how winds are produced. 


HY DOES THE MOISTURE IN THE AIR CHANGE? First, 
let us review a few facts that you already know. 
. Water poured into an open pan will disappear if it is left 
for a while. Wet clothing soon dries. After a rain the streets 
and ground become dry. You know that in each of these 
cases the water evaporated; that is, it changed to a gas, 
or water vapor, and its molecules mixed with the other 
kinds of molecules that make up the air. 

You might think that water will always evaporate into 
the air. Can you think of any condition in which evapora- 
tion will not take place? 


EXPERIMENT 41. Js Water Always Evaporating into the Air? 
Obtain two wide-mouthed bottles or beakers. Fill each bottle 
half full of water. Be sure that you pour the same amount of 
water in each. Paste a paper on each bottle to show the height 
of the water in the bottle. Cork one bottle and leave the other 
open. Allow them to stand for several days. Each day measure 
the amount of water that has evaporated by measuring down 
from the edge of the paper. | 

Does water evaporate from both bottles? Does water keep 
evaporating in the bottle that is corked, or does it stop evap- 
orating? Does water continue to evaporate from the open bottle, 
or does it stop evaporating? How do you explain the difference 
in results? 


Before we try to explain what happened in this experi- 
ment, let us see how the conditions in the two bottles were 
different. In the open bottle the molecules of water that 
escaped into the air could move out of the bottle into the 
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outside air. In the closed bottle the molecules of water 
that escaped into the air above the water could not leave 
the bottle. As more molecules bounced out of the water, 
the air became more crowded with water vapor. Finally a 
point was reached when the water stopped evaporating. 

Why did the water stop evaporating? The reason is 
that air can hold only 
a certain amount of 
water vapor at any 
temperature. When 
it contains all of the 
water vapor it can 
hold, we say that it 
is saturated. When 
the air is saturated, 
no more water vapor 
is able to evaporate 
into it. : 

If you pour cold water over the corked bottle used in 
Experiment 41, drops of moisture will collect on the inside 
of the bottle. Some of the water vapor in the air in the 
bottle changes back to liquid water, or, as we say, it con- 
denses. How do you explain this? First of all, you know 
that the air was saturated. When you poured cold water 
on the bottle, the air in the bottle was cooled. Then some 
of the water vapor condensed. Why did this happen? 
The only explanation we can think of is that cold air 
cannot hold as much water vapor as hot air. And this is 
true. The hotter the air is, the more water vapor it can 
hold. Saturated air at 90° F. contains five times as much 
water vapor as saturated air at 40° F. 

If warm air can hold more water vapor than cold air, 
we should be able to make water vapor condense from air 





Fic. 238. The action of molecules of water 
in a closed bottle and in an open bottle 
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if the air is cooled enough. Let us see if we can make water 
vapor condense from the air that is around us. 


EXPERIMENT 42. How Can We Make Water Vapor Condense? 
Fill a tin can or cup about three-fourths full of water and 
crushed ice. Put a thermometer in the mixture and note the 
temperature at which drops of water begin to collect upon the 
outside of the vessel. Repeat the experiment on different days 
- and record the temperature at which the drops of water col- 
lect on the vessel. (Sometimes salt must be added to lower the 
temperature of the cup below 32° F.) 


This experiment shows that water vapor will condense 
from the air if the air is cooled enough. If the air contains 
a great deal of water vapor, a slight amount of cooling 
will make condensation take place. The drier the air, the 
more it must be cooled to make the water vapor condense 
from it. 

Let us summarize what you have learned and then see 
how the facts help you to explain changes in weather. 
Water is evaporating from the surface of bodies of water, 
from fields, and from other moist surfaces so long as the 
air is not saturated. The warmer the air is, the more 
water vapor it can hold, and the faster water evaporates 
into it. When air is cooled, its capacity to hold water and 
to take up water is decreased. If air is cooled enough, it 
finally reaches its saturation point, or dew point. Then no 
more water will evaporate into it. If it is cooled below its 
dew point, some of the water vapor will condense to liquid 
water. 

Now, how does the direction of the wind affect the 
moisture content of the air? A wind that blows from the 
south toward the north is blowing from a warm place to 
a cooler place. What is happening to its capacity to hold 
water vapor? Is it decreasing or increasing? Since the air 
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is getting cooler, you know that its capacity to hold water 
vapor is decreasing. If it is cooled enough, condensation | 
takes place, and we have rain, snow, or fog. Sometimes, 
as you have learned, the air moves upward. As it moves 
upward, it 1s cooled. Rising currents of air thus may also 
bring about condensation of water vapor. 

What happens when winds blow from the north? As the 
air moves south, it is warmed; therefore it can hold more 
water vapor. Under such conditions the clouds disappear, 
and the weather turns fair. A similar thing happens when 
air moves downward. It is warmer near the earth; so the 
descending air is warmed, and it can take up more water 
vapor. 

From what you have learned, you now can see that 
rain or other forms of precipitation are likely to take 
place if the wind blows in such a direction that the air is 
cooled. The more humid the air is, the greater the possi- 
bility of rain, because humid air needs to be cooled only 
a little to become saturated. Fair weather will come if the 
wind blows in such a direction that the air is warmed. In 
Problem 2 you will see how these conditions are brought 
about. 

OW ARE DIFFERENT KINDS OF MOISTURE FALL PRO- 
H DUCED? Sometimes when you go out-of-doors early 
in the morning, you find that the grass is wet with dew, 
or that the ground is covered with a white blanket of 
frost. At other times the ground is quite dry; there is 
neither dew nor frost. You have also had the experience 
of seeing moisture come out of the sky in three different 
forms—rain, snow, and hail. 

Before you read the explanations of how dew, frost, 
rain, hail, and snow are formed, try to remember what 
the weather was like when you saw these different forms 





Fic. 239. Where do you think dew and frost come from? 


of moisture coming from the air. There is a certain set of 
conditions necessary to produce each kind of moisture. 
What are these conditions? 

During the day as the earth is warmed, water evapo- 
rates into the air from the moist earth, from plants, and 
from lakes, rivers, and other bodies of water. When the 
sun goes down, the earth cools off. The heat is radiated 
through the air and out into space. The air close to the 
earth and to objects on the earth is sometimes cooled 
below its saturation point, or dew point. Then moisture 
forms upon the ground, buildings, and other objects. 

Moisture that forms in this manner is called dew. Dew 
is more likely to form on still nights than upon windy 
nights. If the wind is blowing, the cold air near the ground 
is mixed with the warmer air; therefore the air near the 
ground is not cooled below its saturation point. Hf the 
temperature at which the saturation point is reached is 
below freezing, moisture will come out of the air in the 
form of frost (Figure 239). Frost is not frozen dew. The 
water vapor in the air changes directly to a solid (frost) 
as it separates from the air. 

If you have ever climbed a high mountain or have 
ridden in an airplane, you may have had the experience 
of passing through a cloud. If you have not done this, 
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Fic. 240. Cirrus clouds are sometimes called “mare’s-tail” clouds. 


you surely have walked or driven through a fog. Actually, 
a fog is just a cloud that is close to the ground. When the 
temperature of a rather thick layer of air near the earth 
falls below the saturation point, a fog is formed. The water 
vapor condenses on dust particles and forms tiny drops of 
moisture. These drops float in the air. There are so many 
of these tiny droplets floating in the air that the air looks 


white. Sometimes the drops get large enough so that we. 


ean see them. 


Clouds are formed in the same way as fog except that 


they are in the air above us. The air may be cooled in two 
ways to cause the water vapor to change into the droplets 
that make clouds. Warm air that contains much moisture 
may be blown into a cool region. Here it will be cooled 
below its saturation point. Or warm air may be forced 
upward, where it will become cooler, thus causing the 
water vapor in it to condense. 

Have you ever watched clouds change shapet Perhaps 
you have imagined that they looked like mountains, trees, 
or animals? What are the names of some of these different 
kinds of clouds that we see in the sky? There are three 
types of clouds that are very easy to recognize. One kind 
is made of very tiny crystals of ice and always looks white. 
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Fic. 241. Stratus clouds are layer-like clouds. 


These clouds are called cirrus clouds, and they are the 
highest ones in the sky. They form at an average height of 
six miles, but sometimes they are as far as nine miles above 
the earth. “Cirrus”? means tufted, thread-like, or feather- 
like, and these words well describe the appearance of cir- 
rus clouds. 

When a rainy period of weather is coming, cirrus clouds 
are seen first. Thus we say that mare’s-tail clouds usually 
mean rain, especially if the sky is not bright blue above 
them. Figure 240 will give you an idea of how some cirrus 
clouds look. 

Have you ever seen a smooth gray sky just before a 
snowfall? The clouds in such a sky are typical stratus 
clouds. The word “‘stratus’”’ means “‘layer.”’ Stratus clouds 
are one of the commonest kinds. They are always smooth 
gray and usually hide the moon or the sun. Stratus clouds 
may be as low as 400 feet, but they usually form at aver- 
age heights of about 2100 feet. 

Sometimes on a hot summer day you see “thunder- 
heads” towering into the sky. These clouds are caused by 
convection currents. Warm moist air is forced upward by 
cool air moving in under it. The rising warm air soon 
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Fig. 242. Cumulus clouds are the dome-shaped clouds that we often 
see In summer. 


reaches the place where it becomes cooled to the satura- 
tion point. There it begins to condense, and we see these 
towering thunder-heads, or cumulus clouds. ‘““Cumulus”’ 
means piled up. These clouds have all sorts of interesting 
shapes. They are the ones that we “‘see pictures” in. The 
tops of cumulus clouds average about 6000 feet above the 
earth, while their bases may be within a few hundred feet 
of the earth. Of course, there are many other kinds of 
clouds, but they are all made of combinations of the kinds 
that you have just studied. 

Clouds, as you have seen, consist of tiny droplets of 
water floating in the air. Sometimes rain falls from the 
clouds we see, and sometimes it does not. Before rain will 
fall from a cloud, the droplets of water must get so large 
that they can no longer float in the air. Let us see how this 
takes place. If a cloud once formed by the cooling of the 
air is cooled still further, the air can hold less water 
vapor; therefore more condensation will take place. Some 
of the water vapor will condense on the drops of water 
already present in the cloud. This will make these drops 
larger. As the air moves, drops of water are brought close 
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Fic. 243. Nearly every winter some section of the United States has 
a heavy ice storm that glazes everything over with a beautiful, but 
destructive, coating of ice. 


together. When they touch, they unite and form larger 
drops of water. In these two ways the droplets that make 
up the cloud finally get so large that they fall to the ground 
as rain. 

Sometimes raindrops fall into a layer of air near the 
surface of the earth that is below freezing. When this 
happens, the drops freeze and fall to the ground as sleet. 
At other times, especially during summer thunder-storms, 
there are strong upward currents of air. Small bits of ice 
form in the cold air high above the earth. These particles 
fall into air that is warmer and are covered 
with water. Then they are caught by the 
upward currents and again lifted into the 
cold upper air, where they freeze again. 

This process continues until the balls of 
ice that are formed are too heavy to be held 
up by air currents. These pieces of ice then 
fall to the earth as hail. Because of the way they are 
formed, hailstones consist of layers of ice (Figure 244). 

Snow, like frost, is formed when the saturation point 
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of air is below freezing. The water vapor in the air forms 
tiny particles of ice as it separates from the air. These 
particles of ice grow and form crystals of snow. Figure 245 
shows a photograph of some of the lovely crystals that are 
formed. The very large flakes that fall in some snow- 
storms are really made of many crystals that happened 
to join together as they fell. Like rain, the snow falls when 
the flakes are so large that they are no longer able to float 
in the air. 

You can now see that while the conditions necessary to 
produce dew, frost, rain, snow, and hail differ in some 
ways, In one way they are the same. The air must be 
cooled below the saturation point before water vapor will 
condense into liquid water or form solid crystals. 


Self-Testing Exercises 


1. How long does water continue to evaporate into the air? 
2. What happens to saturated air when it is cooled? 
3. Which can hold the more water vapor, cold air or warm 
air? State a proof for your answer. 

4. What kind of air will form dew when it is cooled only < 
little? What kind of air must be cooled a great deal to cause 


condensation? 





Fic. 245. No two snowflakes ever look exactly alike. 





Fic. 246. Diagram for Problem 8 


5. What change or changes in the air are likely to bring rain? 
Fair weather? 

6. Explain how each of the following is formed: dew, frost, 
fog, cloud, sleet, hail, and rain. 


Problems to Solve 


1. Is it correct to say that dew and frost fall? 

2. Get a good book on weather and find what some of the 
important types of clouds are. Then watch the skies to see if you 
can actually see any of them. Which kinds of clouds indicate 
the coming of rain or snow? Which kinds indicate fair weather? 

3. Why do we see our breath on cold days and not on warm 
days? 

4. On a cloudy night there is usually no frost. Explain. 

5. Why does heating make moist air dry? 

6. Icebergs are often surrounded by fog. Explain. 

7. When the sun comes out, fogs disappear. Explain. 

8. Wind from the Pacific Ocean blows eastward over the 
Sierra Nevada mountains (Figure 246). There is much rainfall 
(in the form of both snow and rain) in the mountains and a 
great dry area on the eastern side of the mountains. Explain 
these conditions; that is, why is there heavy rainfall in the 
mountains and little rainfall east of the mountains? 
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Problem 2: 
WHY DOES THE WEATHER CHANGE FROM DAY TO DAY? 


HAT DO WEATHER MAPS SHOW? Let us examine some 

United States Weather Bureau maps to see what 
we can discover about the ways in which weather changes. 
First, what do the different marks tell about the weather? 
Look for circles marked “HIGH” and “LOW.” Around 
these words you will see a series of black lines. Each hne 
has a number, such as 30.1, 30.2, 30.3. This number shows 
the pressure in inches of mercury along that line. These 
lines are called zsobars. Before the map is made, weather 
observers all over the country report by telegraph the air 
pressure and other weather conditions at their stations. 
Then the weather forecaster draws the map so that each 
isobar shows the places that have equal pressure. 

If you examine the isobars around a “low,” you will see 
that the pressure is the least in the center. For example, 
the isobar marking the center of the low may be 29.5. 
The next one from the center will be 29.6, ete. Thus a 
“low’’ is a place of lowest air pressure. A “high” is exactly 
opposite from a “low.” The isobars show that the place of 
highest air pressure is in the center, and the pressure gets 
less and less as one travels outward from the high. 

The temperature at different places is shown by dotted 
lines called zsotherms. An isotherm is a line drawn through 
places that have the same temperature. The figures on the 
isotherm show degrees of temperature. 

Each of the stations at which observations are made is 
indicated by a circle. The condition of the sky is shown by 
the following symbols: clear, O; partly cloudy, ©; cloudy, 
@: rain, ®; snow, ©. Arrows on the circles show the 
direction of the wind. Arrows fly with the wind; if an 
arrow points north, the wind is blowing from the south. 
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re Q47, Which ee on this dies weather map are ree Which 
lines are isotherms? Find the regions of high and low pressure. 


Fic. 248. This weather map is for one day later than that of Figure 
247. Notice the direction in which the “lows” and “highs” have 
moved since the preceding day. 
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Fig. 249. This weather map is for the er following that of Figure 248. 
Where are the “‘lows”’ and “‘highs’’ now? 


Now let us see if we can find any difference between 
the weather in a “high” and in a “‘low.”’ Look at the circles 
showing the condition of the sky at different places. Is the 
weather fair or stormy in places of low pressure? In places 
of high pressure? Really to answer this question scien- 
tifically you would need a large number of maps, because 
the weather on one day may not be typical of what usu- 
ally happens. If you had a large number of maps, you 
would find that the weather in regions of low pressure is 
usually cloudy, with rain or snow, while the weather in 
regions of high pressure is usually fair. 

Now look at the isotherms. Is it warmer or cooler in 
regions of low pressure than in regions of high pressure? 
Here again you would need many maps to answer this 
question intelligently. An analysis of a large number of 
maps shows that the temperature is warmer in regions of 
low pressure than in regions of high pressure. This, of 
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course, 1s what you would 
expect. The pressure is lower 
in regions of low pressure be- 
cause the air is warmer than 
in the areas surrounding it. 
Now we are ready to see what 
the weather maps show about 
changes from day to day. 
Figures 247, 248, and 249 
show weather maps for three 
successive days. The regions 
of high pressure and low pres- 
sure have moved across the 
country. Now you can_ see | 
why weather conditions will Fria. 250. This diagram explains 


change. Regions of low pres- the weather conditions in a 


: ed +] “low.” Near the center of the 
Purommmnemclouds,) with! Train 44.7 the Airis movinigiips 


or snow. If they move across ward. As the air is cooled, part 
the country, the rains will also of the water vapor it contains 
move across the country. Re- * condensed into clouds, caus- 
G Ing raln or snow. 
gions of high pressure bring 
fair weather, and, as they move across the country, places 
in their paths will have a change of weather. Changes in 
weather conditions are thus the result of the movement 
of “highs” and “lows” across the country. 
HY DO REGIONS OF LOW PRESSURE BRING CLOUDS 
WV AND RAIN? Let us see what is happening to the air 
in a region of low pressure. Since the air pressure is less 
in the center of a low than in the surrounding areas, the 
air will be pushed upward in the center by the heavier 
air that surrounds it. As the air rises, it 1s cooled; there- 
fore condensation is more likely to take place. 
Figure 250 shows the direction of the winds around a 
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region of low pressure. You see 
that the winds spiral in toward 
the center. You might expect 
that the winds would blow di- 
rectly toward the center. If the 
earth were not turning on its 
axis, the air would move in di- 
rectly toward the center. But 
since the earth is turning from 
west to east, the air blows in 
a spiral toward the center. 
The drawing also shows that 
the winds on the eastern side 
ah of the “low” bring air from 
Fig. 251. This diagram explains the south. The warm air from 
a ee erect per the south contains water vapor 
“high” the air is moving down- that it picked up from the Gulf 
ward. As the air is warmed, it of Mexico and the Atlantic 
takes up more water vapor. (Qcean. As this air moves north 
Clouds do not form, and the and finally upward in the cen- 
weather is clear. pou 
ter of the “low,” it is cooled 
below its saturation point, and rain or snow falls. 
HY DO REGIONS OF HIGH PRESSURE BRING FAIR 
WEATHER? High-pressure areas, or “highs,’”’ may be 
thought of as just the opposite of “‘lows.’’ In the center of 
a high-pressure area the heavier cooler air is descending 
(Figure 251). As the air moves downward toward the 
earth, it becomes warmer; therefore it can take up more 
water. Of course, when the air is taking up water from the 
earth, evaporation is taking place instead of condensation. 
Therefore rain clouds cannot form. When a “high” is 
approaching, the weather thus turns cooler, and it be- 
comes fair again. 


332 








Fic. 252. The general direction of the winds in the United States is 
from west to east. The heavy lines show the usual paths of the 
“highs.” The lighter lines indicate the paths of the “lows.” The 
average speed of these regions is shown by the broken lines marked 
1 day, 2 days, etc. 


OW DO THE “HIGHS” AND “LOWS”? MOVE ACROSS OUR 
H COUNTRY? Ever since the Weather Bureau was estab- 
lished in our country in the year 1871, records have been 
kept of the movement of the “highs” and “lows.”’ From 
the records the Weather Bureau has been able to con- 
struct a map that shows their probable movement. Figure 
252 shows how the “highs” and “‘lows’’ move across the 
country. This map is based upon the usual paths. 

Sometimes the path and speed of a “high” or a “low” 
are different from the usual course and speed. When this 
happens, the weather-man often makes a false prediction. 
Predicting weather, as you will see in the next problem, is 
largely a matter of telling how the “highs” and ‘“‘lows’”’ 
will move during the next forty-eight hours. 


Self-Testing Exercises 
1. Suppose that you are teaching someone how to read a 
weather map. What would you tell him? 
2. What kind of weather usually occurs in a “‘low’’? Explain 
why. 
333 





COLD, DRY AIR 


uN WARMS AIR NEXT. ¥o EARTH, CAUSING it ‘TO WARM. AIR RISES SUDDENLY UNTIL IT 18 COOLED ENOUGH 
BSORB WATER VAPOR AND BECOME LIGHTER. TO MAKE ITS WATER. VAPOR: CONDENSE INTO A CLOUD 





Fic. 253. How a local thunder-storm is caused 


3. What kind of weather usually occurs in a region of high 
pressure? Explain why. 

4. In what parts of the United States do “lows” start? In 
what directions do they move? 

5. Suppose that a region of low pressure is WES of you. 
What will be the direction of the wind at the place where 
you are? 

OW DO LOCAL STORMS BEHAVE? Regions of low pres- 
H sure, as you see from the weather map, cover large 
areas. They may be hundreds of miles in diameter; so, of . 
course, they bring storms over wide areas. There are also 
storms that are local in character. They affect only a very - 
small area. Thunder-storms are storms of this type. 

Think of a thunder-storm that you have seen. How 
quickly it forms! How the lightning flashes, and how soon 
the storm is over! The weather was probably fair and 
warm for several days before, and a few thin cirrus clouds 
were to be seen. What makes such storms happen? On a 
warm summer day the land absorbs a great deal of heat. 
But open spaces, such as fields and bare areas, become 
much warmer than surrounding grassy and wooded places. 
The air over these places becomes heated and is forced 
upward. This air rises until it is cooled enough to make 
its moisture condense into a cloud. Each towering thunder- 
head is the top of a huge current of rising, moist air. 
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Fic. 254. Lightning flashes like these cause an unusual amount of 
light for a brief moment. When lightning is a long distance off, the 
individual flashes are not seen. Instead, the whole sky becomes 
lighted along the horizon. 


These cumulus clouds, as you know, have large, rounded 
tops. The bottoms are flat because rising moisture begins 
to condense at about the same height in all parts of the 
current. (See Figure 253.) The clouds become larger, 
darker, and more towering. Finally the sunlight is shut 
off, and we become alarmed at the appearance of the sky. 
Flashes of lightning and rumblings occur. It is thought 
that drops of water in the rising currents of air somehow 
produce a charge of electricity upon the cloud. When the 
charge becomes great enough, a large spark, or lightning 
flash, leaps to the earth or to another cloud. The sudden 
expansion of air due to the great heat from the flash is be- 
lieved to cause the terrifying crash of thunder. When the 
lightning is some distance away, the sharp crashes of thun- 
der are dulled and are changed to rolling sounds by echoes. 

As condensation increases, tiny droplets of water grow 
larger and run together into drops that are too heavy to 
stay in the clouds. We feel cool wind, and we can see 
streaks of rain falling from the clouds. As the clouds move 
toward us, we feel the first splashes of rain. In a short 
time we are in the midst of a downpour. When the differ- 
ence in temperature between the bottom and the top of 
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Fira. 255. As the tip of a tornado moves along, it causes great destruc- 
tion, and often death. 


a cloud is very great, the up-rushing currents of air are 
strong enough to produce hail. 

Local thunder-storms do not cover large areas, and we 
are often surprised to find that rain has fallen in one town 
and not in another that is near by. If a town is on the 
edge of a local storm area, it may even rain on one side of 
a street and be dry on the other side. Local storms are’ 
different from “lows” in that they cover only small areas 
instead of extending over distances of hundreds and even 
thousands of miles. 

In spring, when there are great differences in the tem- 
perature of the air in the central United States, much 
more violent storms, known as tornadoes, are produced. 
The cause of tornadoes is not fully understood. But we do 
know that when tornadoes occur, slender currents of air 
rise with a violent whirling motion. The centrifugal force 
of these currents throws the air away from their centers. 
This makes the pressure very low in the center of a tor- 
nado. We may recognize such storms by their funnel- 
shaped clouds that reach to the earth. Fortunately, the 
tip that touches the ground is small and covers only a 
small area. 
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There are two great sources of danger from tornadoes: 
The winds may reach a speed of several hundred miles per 
hour, and the suddenly lowered pressure upon the outside 
of buildings may cause them to burst because of the 
greater pressure inside them. Luckily these storms do not 
last long. The rain that often follows is formed by con- 
densation in the tornado. Tornadoes over oceans and seas 
are known as waterspouts. Scientists believe that they pick 
up little, if any, water. 

Great, violent storms, intermediate between the “lows” 
and the tornadoes, occur in tropical regions. They are 
called hurricanes or typhoons. 

Self-Testing Exercises 


1. Describe a local thunder-storm that you have seen. How 
was it like the one described in this book? 





Fic. 256. Sometimes hurricanes extend as far north as the United 
States and pass along the eastern and southern coasts of our country, 
causing great property loss along the coast. After the hurricane of 
September, 1938, had passed, there were strange scenes, like this one 
of the motorboat at rest in the yard of a home. The terrific wind had 
pushed the ocean waters far inland. 
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2. What kind of air movement usually causes a thunder- 
storm? 

3. Why does hail sometimes accompany thunder-storms? 

4. At what seasons of the year are thunder-storms most 
likely to occur? Why? 


Problems to Solve 

1. Read descriptions of tornadoes, waterspouts, hurricanes, 
and typhoons in some good book on weather. How are these 
storms caused? How are they alike? How do they differ? 

2. Read to find more about lightning. Be ready to make a 
report to the class. 

3. What do your own observations show about the condi- 
tion of the weather when the barometer reading is highest? 
When it is lowest? To solve this problem study your records 
for Introductory Exercise 8, page 308. 

4. Scientists have found that sound travels about 1100 
feet per second. During the next thunder-storm count the 
number of seconds between a ‘flash of lightning and the time. 
when you hear the thunder. Multiply this number of seconds by 
1100, and you will know about‘how far away the lightning was. 


Problem 3: 
HOW ARE WEATHER FORECASTS MADE? 


HAT ARE THE CHIEF INSTRUMENTS USED IN WEATHER 

¥¢ FORECASTING? Wouldn’t you like to visit a weather 
station and see how the scientists there really find out 
about weather? Perhaps you have visited such a station. 
If so, you saw many kinds of maps and charts and many 
recording instruments. The ‘‘weather-men’’ did not even 
have to go outside to read the records from most of their 
instruments, for dials and records inside the building show 
what is happening outside. What kinds of weather-record- 
ing devices do weather forecasters need, and how do the 
men use their information to foretell weather? 





Fig. 257. By means of thermographs, continuous records of the varia- 
tions of temperature are kept at practically all weather stations. 








Fig. 258. A recording barometer, or barograph 


One of the first instruments you would expect to find in 
a weather bureau is an accurate thermometer. Each sta- 
tion has one or more of these. There is also a kind of ther- 
mometer that shows the lowest temperature in twenty- 
four hours and one that shows the highest temperature. 
Each weather station also has a thermograph. This instru- 
ment records the temperature of the air continuously for 
periods of a week or longer. 

The thermometer of a thermograph is a metal coil that 
unrolls slightly when the air becomes warmer and closes 
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Fic. 259. An anemometer has several metal cups set so as to turn the 
vertical axis to which they are attached. The anemometer is connected 
by electric wires to the office below where the number of revolutions 
per minute is recorded. } 


when the air becomes cooler. (Why does it do this?) These 
changes in the coil raise and lower a long bar that carries 
a kind of a fountain-pen. The pen makes a mark on a 
sheet of graph paper wound about a drum. The drum is 
turned at the correct speed by a clock, so that the pen 
makes a graph of the temperature record hour by hour 
for a week. 

In the weather observatory you would find at least two 
barometers. The official readings are made with a mercury 
barometer. (See page 103.) The Weather Bureau also uses a 
recording barometer, or barograph (Figure 258), that makes 
a graph of the air pressure. The graph gives a continuous 
record of changes in air pressure throughout the day. 

Weather forecasters must know the direction of the 
wind and how hard it is blowing. An electric-recording 
wind vane that gives the direction of the wind once each 
minute is used for this purpose. An anemometer tells how 
hard the wind is blowing (Figure 259). Recording devices 
attached to the anemometer show the velocity of the wind 
in miles per hour. 
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The amount of rain that falls is 
measured by a rain gauge. A rain 
gauge is a galvanized can about 
eight inches in diameter and 
twenty inches high. The “‘weather- 
man’ measures the depth of the 
rain in the tube much as a garage- 
man uses a fruler-like stick to 
measure how much oil is in an 
automobile. 

The depth of snowfall must be 
measured, too. This is done by 
pushing a measuring rod, much 
hke a ruler, straight down into fFy¢. 260. Measuring the 
the snow. Of course, a place has depth of rain in the tube 
to be selected where the depth of of tain gauge 
the snow has not been changed 
by drifting. To keep an accurate record of the total 
amount of water falling on the earth, a weather observer 
needs to know how much water falls in the form of snow. 
To measure this he has a straight-sided can called a 
snow gauge. After a snow-storm the gauge is taken inside, 
and the snow is melted. Then it is poured into the rain 
gauge and measured as rain is measured. Scientists have 
learned that it takes an average of ten inches of snow to 
equal an inch of rain. 

In addition to these instruments each station has a 
wet-and-dry-bulb thermometer for measuring the hu- 
midity. Some well-equipped observatories have a number 
of other, more complicated instruments. All of these 
instruments are located in places where their readings will 
not be affected by buildings, trees, or other objects that 
might make them inaccurate. 
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If the station you visit is a large 
one, you may be fortunate enough 
to see the men sending up pilot 
balloons. 'These balloons are sent 
up four times daily. By watching 
their rate of rise and the direction 
they are blown by the wind, the 
observer can estimate the direction 
and velocity of the wind high 
above the earth. 

Some stations send up balloons 
that carry automatic radio send- 
ing-sets. To each radio set is at- 
Fic. 261. These men are tached an instrument that mea- 
sending up a pilot bal- sures humidity, temperature, and 


loon. The balloonismade the pressure of the air. As the 


f rubb d is inflated 4 : 
ees eee a i balloon rises, the radio set sends 





eRameheonnidinnere. these measurements to a receiving: 


set in the weather station. When 

the balloon gets so high that it bursts, a parachute brings 
the instruments safely back to earth. 
Self-Testing Exercise 

Make a list of at least six kinds of information that weather 
forecasters get from their instruments. Opposite each, write the 
name of the instrument or instruments used to collect it. 
Problems to Solve 

1. Make a wind vane. 

2. Learn from reference books how the different weather 
instruments work. Find some kinds not mentioned in this book. 

3. If you can obtain a thermograph record for one or two 
weeks, study it to find what time of day is warmest and what 
time is coolest. 

4. Perhaps you have made a wind vane of a straight wood 
arrow. Find why the Weather Bureau uses a wind vane with a 
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double tail, with the tails joining at an angle of twenty-two 
degrees. Draw a diagram to help you. 


5. Find out exactly how a wet-and-dry bulb thermometer 
tells the humidity of the air. 


6. You can make a barometer very easily. Get a glass tube 
about three feet long. Close one end of the tube by heating it 
in a flame. Fill it with mercury. Place a finger over the open end 
of the tube and turn it upside down in a small dish of mercury. 
Tie a yardstick to the tube and fasten them to a ring stand, as 
shown in Figure 262. 


From day to day measure the height of the mercury in the 
tube above the level of the mercury in the dish. 


OW ARE WEATHER MAPS MADE? Probably the greatest 
weather system in the world is the United States 
Weather Bureau. The main office is in Washington, D.C., 
with other forecast centers in San Francisco, Denver, New 
Orleans, and Chicago. There are also about three hundred 
substations in the United States, Alaska, 
the West Indies, and in other posses- 
sions. Each state has at least one sub- 
station, and sometimes several, depend- 
ing upon the size and kinds of land and 
water areas in the state. 

Weather maps, like those in Figures 
247, 248, and 249, are made at each fore- 
cast center every morning. Then the 
maps are used to make the forecasts 
that you read in the newspapers and 
hear on the radio. To make a weather 
map, a forecast center must know these 
things: the pressure of the air; the 
temperature of the air at the time the : 
report is given, and the highest and Fria. 262 

















Fic. 263. From the forecast map room of the Weather Bureau, 
weather reports received from over 300 regular observing stations 
in the U.S., Alaska, and the West Indies are charted on the maps for 
study and interpretation. Within a few hours after this, the maps are 
sent to over 1600 distributing points. 


lowest temperatures for the past twenty-four hours; the 
direction and velocity of the wind; the general weather 
condition (clear, partly-cloudy, cloudy, fog, snow, rain); 
and how much rain fell in the twenty-four hours before 
the report. 

A new weather map is made each morning, for the 
Weather Bureau cannot make forecasts over long periods 
of time, as almanacs pretend to do by guesswork. All 
weather observations must be taken at the same time and 
reported to the centers where the maps are to be made. 
Reports are made at 8:00 a.m. Eastern Standard Time in 
the eastern states, 7:00 a.m. Central Time in the central 
states, 6:00 a.m. Mountain Time in the Rocky Mountain 
region, and 5:00 a.m. in the Pacific States (see Unit 1). 

As this necessary information is received from the 
smaller stations, the forecaster records it on a large map 
of the United States. He locates the places of high pres- 
sure and of low pressure and draws isobars to connect 
points of equal pressure. Through points of equal temper- 
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ature he draws in the isotherms. Now he has the informa- 
tion all spread out before him so that he can study it. 
OW IS A WEATHER FORECAST MADE? As you already 
know, the weather at any place is largely a matter 
of whether it is in a region of high pressure or in a region 
of low pressure. The map shows the forecaster where the 
“highs” and “lows” were at the time the information was 
collected. To predict the weather, the forecaster must 
decide in which direction the “highs” and “lows” prob- 
ably will move and how fast they probably will travel. 
He can predict the direction because the records that have 
been collected for years show what paths are usually fol- 
lowed by the “highs” and “lows” (Figure 252). Of course, 
there are often unusual conditions which he must also 
take into account. 

The speed of movement of the “‘high” or of the “‘low”’ is 
also predicted upon the basis of records that have been 
kept. For example, suppose that the weather map shows 
a “low” entering the northwest corner of the United 
States. Figure 252 shows the path it will probably take. 
In about 48 hours its front will reach the western shore of 
Lake Michigan. So, for the region around Lake Michigan 
rain is forecast in about 48 hours. You will see from the 
map that it takes about four days for a “low” or a “high” 
to travel from west to east across the United States. 

Figure 252 shows you that “lows” travel from west to 
east. Those that originate in the southern part of the 
United States travel north and east. If you locate (on the 
map) the place where you live, you can see the direction 
from which the areas of low pressure come. If you know 
this, you can tell from the direction of the wind what kind 
of weather is likely to follow. For example, if you live 
near Chicago, ‘lows’? may approach from the west or 
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from the south or southwest. Now look at Figure 250 and 
see what direction the wind will be if a “low” is approach- 
ing from the west. You see that it will be a southeast 
wind. If the “low” is approaching from the south, there 
will be a northeast wind. In this region when the wind is 
blowing from points east, there is likely to be rain. 

Of course, local conditions sometimes cause changes in 
the direction of the wind; thus the wind is not always a 
safe guide. If you have a barometer, however, you may be 
certain that the direction of the wind is the result of a 
low-pressure area on its way toward you. For example, if 
the wind shifts to the southeast and the barometer falls, 
a “low” is approaching from the west. If the wind shifts 
to northeast and the barometer falls, a “‘low” is approach- 
ing from the south. 

As the “low” passes, two things will happen: The 
barometer will rise, and the wind will shift so that it 


comes from points west or northwest. If, therefore, the | 


barometer begins to rise and the wind shifts to the west, 
you know that the center of the “low” has passed and 
that fair and cooler weather probably will follow. 
HY IS THE WORK OF THE WEATHER BUREAU IMPOR- 
v4 TANT? The United States Government spends about 
two million dollars each year upon its weather service. 
Why should the government spend so much money on the 
Weather Bureau? Let us examine some of the ways 
weather forecasting helps people. 

Storm warnings are given all along the coasts and on the 
Great Lakes. These help ships at sea and people who live 
along coasts to protect themselves against storms. Many 
stations issue cold-weather warnings in time for fruit 
growers and truck farmers to light smudge fires in their 
orchards (Figure 265) and to cover their young, tender 
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Fic. 264. The captain and the first officer of a trans-continental air- 
plane are going over the weather map with the dispatcher at the 
airport before they take off on a regular scheduled flight. 


plants. The Weather Bureau is worth its cost each year in 
the number of lives and the amount of property it saves. 

Probably one of the most valuable services the Weather 
Bureau gives is to aviation. Accurate information broad- 
cast regularly to fliers tells them the kinds of weather they 
will fly into, and forecasts of unfavorable conditions tell 
pilots when it is not safe to attempt long trips. 

In a similar way, long-distance shipping of farm prod- 
ucts by truck and rail is aided by a knowledge of approach- 
ing weather conditions. And what about yourself? When 
you are planning a picnic, a long automobile trip, or any- 
thing out-of-doors, do you not read the forecast in the 
daily paper or listen for it over the radio? 


Self-Testing Exercises 

1. Draw a map upon which you place a circle showing your 
city. Draw in lines to represent the paths of regions of low pres- 
sure near your city. From which direction do they come? 
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Fic. 265. Fruit growers may protect their trees by adding heat to the 
air around the trees. They do this by burning a large number of small 
heaters in the orchards. 


2. Suppose that a weather map shows a “low” starting in 
southern Texas. What weather would you predict for Okla- 
homa City, Kansas City, and Chicago? 

3. What will be the probable direction of the wind if a “low’’ 
is approaching your city? 

4. What does a barometer do to tell whether a change in 
wind direction is the result of the approach of a “high”’ or 
a “‘low’’? 

5. How does the weather map help a forecaster predict the 
weather? 

6. Do you think that it would be safe to predict weather for 
several weeks ahead? Give a reason for your answer. 

7. Is the Weather Bureau worth its cost? Why? 

Problems to Solve 

1. How many weather stations has your state? Find where 
they are located. What does the surface of the land and the 
size of your state have to do with the number of stations? 

2. Get a recent weather map and compare the weather where 
you live with the kind of weather in Alaska on the same day. 

3. Without reading it, cover the forecast on a recent weather 
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Fic. 266. Warnings of heavy snow enable the Highway Departments 
to get their snow ploughs ready to clear the snow out of the roads as 
soon as it falls. 


map and make a forecast of your own. Then compare it with 
the forecast made by the weather man. 

4. Find how smudge fires protect orchards from frost. 

5. How accurate are the forecasts in your locality? Clip the 
forecasts each day for two weeks or a month. Give the weather 
man a grade for each day. At the end of the time average all 
of the grades. Your conclusions will be more accurate if several 
people do this exercise together. 


LOOKING BACK AT UNIT 7 


1. Make a list of the different conditions that make up our 
weather, such as sunshine, etc. 

2. Look at a weather map and tell what you need to know 
in order to make a weather forecast from the map. Write your 
answers out in complete sentences. 

3. Give the meanings of these words: 


radiant energy “high” “low” humidity 
water vapor tornado waterspout cirrus clouds 
saturated aur thermograph barograph anemometer 


hail sleet frost wind 
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ADDITIONAL EXERCISES 


1. Keep a scrap-book of newspaper ‘clippings of unusual 
weather conditions. Try to explain what caused these con- 
ditions. 

2. Find what causes mirages. , 

3. On some dark night when vivid streaks of lightning are 
to be seen, set a camera in a window pointing toward the place 
where lightning flashes are most frequent. Select a spot where 
street lights will not interfere. Open the shutter of the camera 
until you see a flash of lightning appear. Close the shutter 
and have the negative developed. If you were fortunate, you 
may have secured a good lightning photograph. Do not be dis- 
couraged if your first efforts fail, for this kind of photograph 
is well worth several attempts. 

4. Find the difference between zig-zag and sheet lightning. 

5. With the help of some of your classmates or your science 
club set up a weather bureau for your school. You can make 
most of your weather instruments. (See Pickwell’s Weather, 


Chapter 6.) Use blank U.S. Weather Bureau maps and try to” 


issue forecasts of the weather each day. 


6. Obtain for your school a daily copy of the official U. eh, 


weather map and keep it posted. Also post all interesting facts 
about local weather records. 

7. Obtain some transparent paper. Place the paper over a 
weather map. Trace the word “Low” from the map. Then trace 
the circles representing different weather stations and showing 
the kind of weather at each station. Repeat this with eight or 
ten maps. Count the number of stations that show rainy or 
cloudy weather and the number that show clear weather. What 
do you find? 


8. Repeat Exercise 7 for regions of high pressure. 
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Fic. 267. It has taken man a long time to learn how the human body 
works. For thousands of years he did not even know that the blood 
is pumped through the body in a steady stream by the heart. Aristotle 
thought that the blood was made by the liver and used up by the 
body. Other thinkers believed that the blood flowed by itself, fast in 
some places and slowly in others. 

About 300 years ago, William Harvey, an English physician, proved 
that the blood is pumped in a steady stream throughout the body. In 
this picture he is showing how the heart is made so that the blood 
is pumped out of one side of the heart, goes through the body, and 
flows back into the other side of the heart. When you have studied 
this unit, you will understand why this was one of the greatest dis- 
coveries ever made about the human body. 


UNIT EIGHT 


UNIT 8 
HOW DO OUR BODIES WORK? 


INTRODUCTORY EXERCISES 


*1. What are the cells of living things? Where in your 
body can cells be found? 

2. Name three important uses of bones in your body. 

*3. Name some chemical changes that go on in your 
body. Of what value to your body is each change that you 
have named? 

4. Name in order the organs through which your food 
passes while it is being digested. 

5. How many kinds of blood tubes do you have in your 
body? What are they, and how are they different from 
each other? 

6. Why must food be digested? 

*7. What kinds of energy does your body need? How 
does it get the energy it uses? 

8. Why does a person’s body usually die when his 
heart stops beating? 

9. Why is air necessary to keep a person alive? 

10. What is the use of kidneys in the body? 

*11. What do you mean when you say that a solid is dis- 
solved? Explain fully, and be sure that you know what 
solution and soluble mean. 

*12, What is oxidation? 

*13. What are the three main classes of food, and what 
elements are found in each class? 
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Fic. 268. A machine that helps the human machine. The famous 
‘ron lung,” invented only a few years ago, has saved many lives. In 
certain kinds of diseases the chest muscles become paralyzed. They 
cannot raise and lower the chest for breathing. In the “iron lung”’ 
the air pressure is alternately increased and decreased, which forces 
the chest to move as it does when a person breathes naturally. In 
time the chest muscles begin to work again, and the person is saved. 


LOOKING AHEAD TO UNIT 8 


HE MODERN automobile is an interesting and wonderful 

machine. Early automobiles so often failed to run that 
there were many jokes about them. But today the auto- 
mobile has been so improved that we can drive thousands 
and thousands of miles with practically no trouble except 
to see that the car has fuel, oil, and water. Inside each car 
is an electrical system, an oil system, a water or cooling 
system, a fuel system, and many other parts. Each system 
and part is connected to the others, so that they auto- 
matically work together to make the car go. 

Some day you probably will learn to drive one of these 
complicated machines. Your father or a teacher will help 
you learn what each of the different systems does to make 
the car run, why it starts when you turn a certain gadget 
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Fic. 269. The human body is the most wonderful machine in the 
world. It can do things that no other machine can do. Are you in- 
telligent about your body, or do you just run around in it without 
knowing how it works? 


or push that lever and release this one, how it burns gaso- 
line, and why it must have oil and water. Not only will 
you learn the main things about how the car works, but 
you will learn the “rules of the road,”’ and the dangers 
of driving, and how to avoid them. All these things you 
will learn so that you can drive a car intelligently. 

However, you are already “driving” a more complicated 
and wonderful “‘machine” than an automobile. Thisma- 
chine” is your own body. What do you know about how it 
works? What makes it go? What different systems are 
found inside it? What does each one do to keep the body 
running smoothly? What is most lable to go wrong with 
its machinery, and how can trouble be prevented? 

If you do not already know the main things about how 
your body is put together and how it works, this unit will 
help you to understand them. The unit will not be able 
to tell you everything that is worth while for you to know 
about your body and its health. However, you can find 
out enough to go on learning by yourself, and some of 
your later work in science will add to your knowledge. 
This unit is the foundation for further learning. 
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Problem 1: 
HOW IS THE BODY PUT TOGETHER? 


ow IS THE FRAMEWORK OF THE BODY CONSTRUCTED? 
Everyone knows that he has bones in his body. Yet 
the bones of our framework usually give us so little trouble 
and require so little attention that we know vehy little 
about them. There are more than 200 dif- ZB 
. ferent bones in the human body, all nicely 
fitted together at the joints. If you grow 
to be a person of average size, all your 
bones together will weigh about twenty 
pounds. 

By looking at a human skeleton like 
that in Figure 271, you quickly see that 
there is a central column of benes to 
which the ribs and the bones of our arms 
and legs are attached. This column of 
bones is the backbone (Figure 270). Each 
piece of the backbone is called a vertebra 
(plural, vertebrae). Each vertebra has 
several projections to which muscles are 
attached. 

But the backbone is not all bone. Be- 
tween each vertebra and the next one 1s 
a pad of flexible cartilage. When we find as A 
cartilage in meat, we call it gristle. Your 
nose and ears contain cartilage that gives them shape and 
holds them up, yet allows them to be flexible. As you 
walk, the cartilage pads in your backbone absorb the jar 
of each step, so that very little of it reaches the skull, 
that is mounted on the upper end of the backbone. Curves 
in the backbone also absorb some of the shock. These 
curves help to make the backbone “springy.” 





Fig: 270. Back-' 
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At the shoulders there is a set of special bones, called 
the shoulder girdle, to which the arms are attached. The 
shoulder girdle includes the collar bones and shoulder 
blades. At the hips is the hip girdle, or pelvis, to which the 
leg bones are attached. In front is the breastbone. 

This skeleton of yours is a very necessary part of your 
body. Without it you would be as 
soft and flabby as an earthworm. It 
provides the framework upon which 
the rest of your body is built, and, 
as you can see, the shape of your 
body is determined by the shape of 
your skeleton. Furthermore, certain 
parts of the skeleton, such as the 
skull and ribs, protect the delicate 
parts of your body from injury. 

You could not move as you do if 
there were no bones to act as levers 
to push or pull you around from place 
to place. The framework of your body 
is thus quite different from the frame- 
work of a house. In a house the parts 
of the framework are attached rigidly 
together so that no movement is pos- 
sible. Your framework is rigid enough 
to hold your body in shape and flex- 
ible enough to allow its parts to move. 





Fig. 271. The human 
skeleton 


Self-Testing Exercises 


1. List the main sections or divisions of your body’s frame- 
work. Begin with the backbone. 

2. What are some of the advantages of having cartilage in 
your skeleton? 

3. State three important uses of the skeleton in your body. 
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OW ARE OUR BONES JOINED TOGETHER? Some bones of 
H the body, such as those in the head and in the hip 
girdle, are joined together so that they cannot slip past one 
another. However, in most other parts of the body our 
bones can move on one another at the joints. 

On first thought, a joint does not seem to be anything 
unusual. Our machines have joints and bearings where 
their parts are connected. But the movable joints and 
bearings in machines are a great problem for engineers. 
They must move easily, but they must not be loose; they 
must wear a long time; they must THIGH BONE 
be strong. Joints that can do these aes 
things grow in our bodies without | 
attention from us. You will under- 
stand joints better if you can study 
a real one. 


EXPERIMENT 43. What Is the Struc- 
ture of a Joint? (a) From your butcher 
get a “sheep shank.” This is a joint 
from the front leg of a sheep. Try 
to bend the joint in every direction. 
What is the result? 

b) Carefully remove the outer coverings of the bones and 
joint until you come to the tough white bands of tissue, the 
ligaments, that hold the bones together at the joint. Also find 
the white cords, or tendons, that attach the muscles to the 
bones. See if you can break the ligaments by bending the joint 
sidewise or backward. How strong are they? 

c) Carefully cut away the ligaments on one side of the joint, 
so that you can see the ends of the bones that rub together. 
Notice the parts that rub against each other. What kind of 
covering do they have? Are they dry or moist? How are they 
lubricated? Look for a lining inside the ligaments that shuts out 
other materials and keeps the lubricating fluid inside. 





Fig. 272. A typical joint 
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If you did Experiment 43 with reasonable care and 
thoroughness, you have a fair idea of the structure of the 
movable joints in our bodies. The joint in a sheep shank 
is a hinge joint like those in your knees and fingers; that 


\ 





Fic. 273. Various kinds of joints. At the left is a hinge joint in the 
knee. Notice the knee cap, the small oval-shaped bone at the knee. 
Second from the left is a ball-and-socket joint in the hip. Next to it 
is a ball-and-socket joint in the shoulder. At the right are hinge joints 
in the fingers. 


is, it can move back and forth only like a hinge. In your 
hips and neck are ball-and-socket joints that can move and 
twist in all directions. Some of the toughest materials in 
the body tie the bones together at the joints. These tough 
sheets and bands of material are the ligaments. When you 
think of how hard we use our joints, you can see that the 
ligaments must be very strong to keep the bones from 
being pulled apart or moved in the wrong directions. 

Sometimes an unusual twist or an accident stretches 
the ligaments and makes the joint sore and “stiff.” We 
say that the joint has been sprained. The soreness warns 
us not to use that joint freely until the cells have repaired 
the damage. A pull or a twist may even pull the bones 
apart until they slip out of their usual places; then we 
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say that we have a dislocation, or that the bone is “out 
of place.” Of course, the remedy for a dislocated joint is 
to pull the bones apart again and let them go back into 
their usual places. 

The ends of the bones that rub together are enlarged 
and covered with a layer of smoothest cartilage. Like the 
bearings of our machines, each joint is lubricated by an 
- oily fluid. All around the joint, under most of the liga- 
ments, 1s a kind of sack that keeps the lubricating liquid 
in the joint and keeps other substances out. If an injury 
tears this sack and allows the liquid to leak out, the joint 
may not work. 

In a number of ways your joints are like some of the 
bearings in our best machines. They are lined with a 
material that wears very smooth. They are lubricated. 
They have coverings to 
keep the oil in and to 
keep other materials out. 
Millions of years before 
man invented good bear- 
ings for his machines, 
joints with these features 
were growing in the bodies 
of men and animals. 





Fig. 274. When a bone is broken, 
the parts should be held rigid by the 
use of splints. Otherwise the broken 
; ends of the bone may grind against 

1. State three good points each other and even tear the flesh, 
about the way our joints are _ thus doing more damage. 


constructed. 

2. What is the main use of the ligaments around joints? 

3. Name two important kinds of joints and tell how they 
are different. 

4. What is a sprain? A dislocation? 

5. Why should broken bones be held rigid by splints? 


Self-Testing Exercises 
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OW DO MUSCLES SUPPORT AND MOVE 
H THE SKELETON? Have you _ ever 
watched a juggler perform? To keep even 
a single stick balanced on the end of a 
finger is hard for most of us. But a juggler 
can often keep several things in the. air, 
one on top of the other. We wonder how 
he does it, but we give little thought to 
the juggling that each of us must do just 
to walk. 

Try to imagine a human skeleton with 
more than 150 perfectly lubricated joints 
held together by flexible ligaments. Stand 
it up on the floor; it immediately collapses 
into a heap of bones. It will not even 
stand in a corner. About the only way to 
have a skeleton look like a skeleton is to 
hang it up. Yet you make your jointed 
skeleton stand and sit, walk and run. You 
do these complicated ‘juggling’ stunts 
with your muscles, which are controlled 
by messages sent through your nerves. 

In your body are three kinds of mus- 
cles. The kind we are interested in now 
are those attached to the bones and called 
the skeletal muscles (Figure 275). Another 
kind is found in the walls of the food 
tube and in other parts of the body. The 
third kind is found only in the heart. 
Each kind of muscle is made of a differ- 
ent kind of cell. The skeletal muscles are 
the only ones that we can make move. We 
cannot control the other muscles. 
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If possible, you should examine some real muscles while 
you are studying how they work. 


EXPERIMENT 44. What Is the Nature of Muscles? (a) The lean 
meat of all common animals is composed of muscles. You can 
learn about muscles by looking carefully at the meat in butcher 
shops, the meat on chickens that are being dressed, and the 
meat you eat, and by feeling your own muscles through the 
. Skin. What color are muscles? What shape? If possible, get a 
piece of bone that has a tendon still attached to it. See if you 
can pull the tendon loose from the bone. Fine out, if you can, 
how the tendon is attached to the muscle and to the bone. 

b) With needles or other sharp-pointed instruments, pick a 
small piece of lean beef to pieces to see how it is put together. 
Do the fibers run lengthwise or crosswise? What holds them 
together? How long are they? Put a few of the fibers in some 
water on a glass slide and examine them under the low power 
of a microscope. 











Fic. 276. The muscles of an arm. Notice the different shape of the 
muscles when the arm is bent at the elbow. 


Skeletal muscle material has a characteristic reddish 
color. When you pick it to pieces, you find that it is made 
up of tiny fibers, held together by very fine threads called 
connective tissue. By feeling the calf of your leg or the 
large biceps muscle in the upper arm, you can learn the 
Shape of most muscles. They have a thick central part 
that becomes smaller toward each end. At each end the 
connective tissue of most muscles extends out to form a 
strong white cord, or tendon, that is attached to a bone. 
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The tendon may be very short, or it may be quite long. 
The largest tendon in the body goes from the calf of the 
leg to the heel. Some long tendons connect our fingers 
with muscles in the forearm. If you hold your hand or 
wrist while you work your fingers, you can feel the move- 
ments of the tendons. With the muscles and tendons 
arranged in this way, your hands can be more slender and 
useful than if the muscles were in the fingers. The muscles 
can also be kept warmer and have a better blood supply. 

The cells of muscles are made in some peculiar way that 
allows them to get shorter when they receive the right 
kind of message from nerves. Thus, a muscle in action 
gets shorter, or contracts, and pulls on its tendons and 
on the bones to which its tendons are attached. But the 
muscle cannot push the bone back again after it has 
shortened and drawn it up. Thus, there must always be a 
second muscle or set of muscles attached to the opposite 
side of the bone to pull it back again. For this reason we 
say that muscles almost always work in pairs. 

There are about fifty-four muscles in each leg. When 
you take a single step, the fifty-four muscles in one leg, 
and many others in the body and arms, are juggling the 
bones of that leg and of the body, while the fifty-four 
muscles of the other leg move it forward and get ready to 
take their turn at juggling. To do this time after time with 
reasonable accuracy, each muscle must be nicely con- 
trolled by messages that come to it through the nerves. 


Self-Testing Exercises 

1. Write a paragraph describing a single large muscle. 

2. What is the use of tendons in your body? Locate a tendon 
in your body and explain what tendons are like. 

3. Explain why the work of the muscles in our bodies is 
really worthy of admiration. 
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HAT AND WHERE ARE THE PRINCIPAL SYSTEMS OF THE 

Wy BoDY? We have been thinking about two of the sets, 
or systems, of organs found in our bodies. These two sys- 
tems are the skeletal system and the muscular system. 


Together these two systems 
make up more than half the 
weight of your body. Yet with- 
out several other systems of 
organs in the body the bones 
and muscles would soon die. 

As you probably know al- 
ready, the main part, or trunk, 
of the body contains a large 
space filled with organs (Fig- 
ure 277). A partition divides 
this space into two “‘rooms.”’ 
The partition is made of mus- 
cle and ligament and is called 
the diaphragm. It passes across 
the body at the lower end of 
the breast bone and curves 
downward along the edges. 
Above the diaphragm is the 
upper “room,” the cavity of 
the chest, or thorax. Below 
the diaphragm is the cavity of 
the belly, or abdomen. 





Fic. 277. Organs in the trunk 
of the human body 


The lungs, which are the most important parts of the 
breathing system, or respiratory system, fill the larger part 
of the chest cavity. The main organs of the food system, 
or digestive system, are the stomach, intestines, liver, and 
pancreas. These are in the lower, or abdominal, cavity 
of the trunk. Behind the liver and stomach, at the sides 


364 SCIENCE PROBLEMS, BOOK TWO 


of the backbone, are the two kidneys. These are the main 
organs of the urinary system, that takes certain kinds of 
wastes out of the blood. In the lower part of the abdomen 
or closely connected with it are the organs that make new 
human bodies, the reproductive system. 

The blood system, or circulatory system, as you know, 
goes all through the body, but its central organ, the heart, 
hes in the thorax just back of the lower third of the breast- 
bone. The controlling system, or nervous system, also runs 
through the whole body, but its central parts, the brain 
and spinal cord, lie in cavities of bone, where they are 
well protected. The brain is in the skull, and the spinal 
cord is in the backbone. 

In the problems that follow this one, you will learn how 
the blood system, the food organs, the breathing organs, 
and the urinary system do their work, and how they keep 
the whole body going. Later in your study of science you 
will learn about the others. 


Self-Testing Exercises 


1. Make a list of the sets of organs in your body. After the 
name of each one, tell briefly what its work is. 

2. Name and give the location of the two main cavities in 
your body. Name some of the organs located in each one. 


Problems to Solve 


1. How many hinge joints can you find in your body? How 
many ball-and-socket joints? Write out lists. 

2. List as many ways as you can in which a joint in your 
body is like a good bearing in a machine. List also as many 
differences as you can. 

3. Give reasons for believing that your blood system extends 
all through your body. 

4. Give reasons for believing that your nerve system reaches 
into practically all parts of your body. 
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Problem 2: 
HOW DO OUR CELLS KEEP ALIVE? 


OW DO CELLS GET ENERGY TO DO THEIR WORK? Earlier 
H in your study of science you learned that all living 
things are made of tiny living pieces called cells. These 
tiny cells in your body really do everything that you do. 
Your body is alive only when 
its billions of cells are alive 
and working as they should 
be. These cells must have 
the same things to keep alive - ae 
that any animal must have | » BONE CELE 
—food and oxygen. But can 
you explain what a cell 
does with the food and oxy- 
gen that it must continually 
have? 

Since living cells are ac- 
tive, you know they must 
have energy or they could 


not be “doing things.” We SKIN CELL 
can often notice the heat : 
y CELL NERVE j 
energy and the energy of ‘FROM THE CELL seat 
WINDPIPE - 





motion that is used by the 
cells. Can you tell how a eell Fic. 278. There are many kinds 


. 9 and shapes of cells in the body, 
gets its energy? Our stoves but they all have in them liy- 


get heat energy to warm ing protoplasm and a nucleus. 
our rooms by burning fuel. 


Locomotives get energy to pull trains by burning coal 
or oil. You have learned that burning is a chemical 
change of fuel and oxygen into other substances. ‘The 
oxygen unites with the fuel and changes it into oxides of 
the elements that are in the fuel. When this change takes 
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place, the chemical energy of the fuel changes into heat 
energy that can be used, as you learned in Unit 5. 

Cells get their energy in almost the same way a stove 
does. They cause the oxygen they receive to unite with 
food; that is, they oxidize the food. Oxidation changes the 
chemical energy of the food into the kinds of energy that 
the cell, and therefore the body, can use. Much of the use- 
ful energy is heat and motion, or kinetic energy. The cell 

| must then get rid of the used mate- 
eae Join a te LEAVING THE CELL rials and take in more food and 


C4, 0,N, ANO MUCH oxygen to keep the process going. 
CHEMICAL ENEREY) ys B p going 
3 - 


A diagram will help you under- 
stand how a cell gets its energy 
(Figure 279). In the diagram you 
see food and oxygen going into 
the cell and uniting. Useful forms 
of energy are made from the hid- 
den energy that was stored in the 
food. If the cell is a muscle cell, the 

ae el chemical change of the food makes 
LIVING PROTOPLASM OF A CELL it move. Probably all cells give out 
, heat energy that keeps the body 
warm. The oxidized food is of no 
further use; so the cell gives it out. 

Notice from the diagram that our food contains the ele- 
ment carbon (C). Can you tell where and in what form 
the used carbon leaves the body? You can find out by 
doing a simple experiment. 


EXPERIMENT 45. Where and in What Form Does Used Carbon. 
Leave the Body? Fill a beaker or glass one-third full of clear 
limewater. Bubble your breath through the limewater with a 
soda straw ora'small glass tube (F igure 280). What happens 
to the limewater? Only the used or waste form of carbon, called 





Fic. 279. Be sure that you 
can explain this diagram. 
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carbon dioxide (CO2), can cause this change in limewater. Can 
you now answer the problem of the experiment? 

The oxidized form of carbon is the gas, carbon dioxide. 
We breathe out large amounts of carbon dioxide. You 
have probably known this for some time, but you may 
not have connected it with the use of food in your body. 
Oxidized hydrogen is water (H.O). Much water is needed 
in the body; so the water formed by the oxidation of food 
is just added to all the other moisture in the 
body. Later you will learn how the nitrogen 
wastes leave the body through the kidneys. 

In thinking about the oxidation in our cells, 
you must be careful not to get wrong ideas. 
Sometimes boys and girls get the idea that 
there is a little fire in each cell. That idea 
is not true, because the oxidation of the food 
goes on without high temperature and flame. 
Except in the muscle cells, the chemical 
change in the food goes on slowly, somewhat 
like the rusting of iron. 

Another wrong idea that many people have 
is that their food is oxidized in the lungs, the 
heart, or the stomach. If you are thinking, you 
can see how that idea is wrong. Of course the cells in those 
organs are oxidizing their share of the food. But every liv- 
ing cell in the body needs energy. Each living cell in your 
fingers, toes, brain, and muscles uses oxygen to oxidize 
food. Thus each cell in your body must receive food and 
oxygen and get rid of used materials if it is to keep alive. 





Fig. 280 


Self-Testing Exercises 
1. Explain how cells get the energy they need. 
2. Where and how is carbon dioxide formed in our bodies? 
3. What did Experiment 45 show? 
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OW DO MATERIALS GET INTO AND OUT OF CELLS? You 
have learned that each living cell must always be 
oxidizing food. When energy has been gotten out of the 
food, the used materials must leave the cell. How does this 
constant stream of food and oxygen go into each cell in 
the body, and how do the used materials pass out of the 
cells? You can learn one way these substances travel by 
doing a simple experiment. 

EXPERIMENT 46. How Does One Material Move through 
Another? Fill a test-tube with agar jelly. To prepare this jelly, 
put about four grams of agar-agar and 100 cubic centimeters 
of water in a beaker. Slowly heat the mixture and stir it until 
the agar-agar has apparently dissolved. Stand the test-tube in 
a vertical position and pour in the agar-water mixture until 
the tube is a little more than level full. (As the tube cools, 
contraction of the jelly will leave it no more than level full.) 

When the jelly has hardened, turn the tube upside down in 


a glass that contains about an inch of fountain-pen ink. After. 


an hour or less lift the tube out, wipe the liquid from the out- 
side of the tube, and examine the jelly to see how far the ink 
has gone into the jelly. Be careful not to shake the jelly loose 
from the sides of the tubes. 

Replace the tube just as it was. Notice and measure the 
rise of color into the jelly once each day until it reaches the end 
of the tube. Can you explain how the colored material rises in 
the tube that is already full of the agar jelly? Does the color 
move through the last inch of the tube as rapidly as it does 
through the first inch? 

This experiment is very important in learning how our 
cells are fed. The colored material in the ink is dissolved 
in water; that is, each molecule of colored material is 
separate from the other molecules. Thus the molecules 
are able to bounce around rapidly and move through very 
small spaces. 


ee + a ae = 
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If your experiment was correctly done, you saw how 
the molecules of colored material gradually moved up 
through the jelly until they reached the top of the tube. 
This spreading of a material from one place to another 
by the movement of the separate molecules is called dif- 
fusion. We say that the ink diffuses into the jelly. Only 
materials that are dissolved can diffuse. This experiment 
shows how dissolved food and oxygen get into and out of 
the cells. They diffuse into the 
the cells, and the used 
materials diffuse out, 
much as you saw the 
ink diffusing into the 
jelly. 

Diffusion, as you 
have seen, is a very 
slow process. To keep 
a constant supply of 
food coming in, and 
to get rid of waste 
materials as they are 
made, the body must 
be constructed so that diffusion takes place only through a 
very small distance. This is made possible by the tiny 
blood tubes, or capillaries, that extend through all parts 
of the body. There is hardly any place in the body thicker 
than a hair that does not have one of these tiny tubes. 

Figure 281 shows how blood in the capillaries brings 
material near the cells and carries away the waste mate- 
rials that diffuse into it. The cells in this diagram stand 
for any cells in the body. They may be muscle cells, brain 
cells, stomach cells, or any other kind of cell. In the draw- 
ing they are of course magnified thousands of times. 





Fic. 281. How blood flows near the cells 
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The walls of the capillaries are only one cell thick. 
The blood running through these capillaries has a plenti- 
ful supply of the materials the cells need. Thus the mate- 
rials that are used up by the cells will diffuse from the 
blood into the cells. At the same time the cell will have an 
extra supply of used materials, and these will diffuse out 
into the blood. 

HAT MUST THE BODY DO TO KEEP ITS CELLS ALIVE? 

A single cell of the body is so small that it cannot 
be seen without a microscope. Such a tiny cell is “lost” 
among the billions of other cells in your body. To take 
care of each cell and help it keep alive and working, the 
body organizes its cells into groups. 

One group of many kinds of cells is called the food sys- 
tem or digestive system. It has the special duty of supply- 
ing the blood with food to take to all the other cells. 
Another set, called the respiratory system, has the work 
of letting oxygen get into the blood to go to all the other 
cells. The kidney system has to get the nitrogen wastes 
and other materials out of the blood. The cells of the 
circulatory system have the duty of sending blood with 
food and oxygen into every part of the body and of bring- 
ing it back again with whatever the cells have given out. 

Thus, you see, to keep all the cells alive each different 
set of cells in the body does some special thing for all the 
others. This is called the “division of work’ or the 
“division of labor”? among the cells. You know that some 
animals, such as bees and ants, divide the work among 
themselves. Men also divide their work, some raising the 
food, some preparing it for use, some making clothes, and 
so on. In the same way our cells divide the work that is 
to be done by the body, and each kind of work is done by 
a special kind of cell. 
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Self-Testing Exercises 


1. How do food and oxygen move into the cells of our bodies? 
2. In what condition must a substance be so that it can 
- diffuse into a cell? 

3. What are capillaries? Where are they found? 

4. Why is it very important to have blood flowing through 
the capillaries? 

5. Explain why we say that there is a division of work among 
the cells of the body? 


Problems to Solve 

1. Make a list of the ways the body is like a locomotive. 
Then make a similar list of the ways in which the two are 
different. 

2. Tell the story of some food material from the blood that 
is used by a cell until it is back in the blood again. 

3. Explain why most living things die when they are unable 
to get oxygen. 

4. Give some examples of diffusion outside the bodies of 
living things. | 

5. Why do the smallest animals not need a blood system? 

6. How are the cells of your body like the people of a great 
city? How are they different? 


Problem 3: 
HOW DOES THE BLOOD MOVE THROUGH THE BODY? 
VER SINCE man began to think, he has connected 
blood and the beating of the heart with life. If the 
blood is lost or the heart stops beating, a man or an animal 
dies. Do you see now why these facts are true? It is be- 
cause blood carries food and oxygen to the cells and used 
materials away from them. And the heart must beat to 
keep the blood flowing. To know only these things about 
one’s blood system does not satisfy an educated person. 
He wants to know how the heart pumps the blood, how 
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Fic. 282. A gen- 
eral picture of the 
blood tubes in the 
human body 
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the blood travels. to every part of the 
body, and how it gets back to the heart. 

The blood system is called a circula- 
tory system because the blood travels in 
a kind of circuit or “circle” through the 
body. Thus it is used over and over 
again. All the blood that goes out to 
one part of the body, such as an arm, 
comes back and goes out again to that 
part or to some other part. There are five 
different kinds of parts in the circulatory 
system that you should know about. 
The first part of the circulatory system 
is the blood itself, which carries the dif- 
ferent materials as it travels about the 
body. The second you already know; it 
is the heart, which pumps the blood and 
thus makes it flow. | 

The third part of the circulatory sys- 
tem consists of arteries. Arteries are blood 
tubes, or blood vessels, that carry the 
blood from the heart out to other parts. 
Only two large arteries leave the heart, 
but they branch again and again until 
the tiniest arteries reach every part of 
the body. Fourth are the capillaries that 
you found near the cells in all parts of 
the body. The blood flows from the 
arteries into capillaries. Finally, we must 
have some tubes to lead the blood back 
to the heart. These tubes are the veins. 
You can see some of them in the skin 
on the surface of the body. 
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HAT IS BLOOD? First let us learn some of the more 

\¢ important facts about the blood. If you have a 

compound microscope, you can see for yourself what the 
main parts of the blood are. 


ExpeRIMENT 47. What Is the Appearance of Blood under a 
Microscope? Have a very clean glass slide and cover-glass 
ready. Dip a clean new needle in strong alcohol and rub a bit 
of the alcohol on the side of your thumb near the nail. The 
alcohol will kill any germs that 
are present. Prick the skin where 
you soaked it with alcohol and 
get a drop of blood to put on 
the slide. Or you may have an- 
other person get a drop in the 
same way from the lobe of your 
ear. Put a very small drop of 
the blood on the slide and spread 
it out very thin by putting the 
cover-glass on it. 

Leave the cover-glass in place 
and look at the blood under the the red blood corpuscles look 
high power of the microscope. like this. In the upper center is 
Look for a multitude of LIN Eat hike corpuscle. 
yellowish disks. These are the 
red corpuscles, or red-blood cells. What is their real shape? Can 
you see that they are floating in a colorless liquid? If you can find 
a place where the blood is extremely thin on the slide, you may 
be able to see some irregular white blood cells, or white corpuscles. 





Fia. 283. Under the microscope 


If you were successful in doing Experiment 47, you saw 
very, very many yellowish disks, called red corpuscles, 
floating in the blood. Each one of these is a single cell. 
When we see a great many of these together, they appear 
red. They are colored by a chemical compound, called 
hemoglobin. A single drop of blood contains about twenty 
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million of these cells. There are enough in the blood of a 
grown person to cover a surface equal to one half an 
~ acre. The main duty of the red-blood cells is to carry 
oxygen. The hemoglobin in the cells combines easily with 
oxygen and gives the oxygen out again when the blood 
gets near the cells. 

By looking a little more closely at a thin layer of blood 
under a microscope, we can find in it a smaller number of 
irregular, transparent cells. Some of 
these white corpuscles help protect 
the body from disease germs. The 
red and white cells make up about 
one-third of the blood. The remain- 
der of the blood is mostly water in 
Fic. 284. Under the Which are dissolved or suspended 
microscope the cor- many different substances, such as 
puscles look spherical. salt, food, minerals for the formation 
eee et ng of bones, and chemicals that regulate 

the work of the body. 

OW DOES THE BLOOD TRAVEL THROUGH THE BODY? 

Let us first get an idea of the heart and how it 
works. If you will look at Figure 285, you will see that 
the heart is separated into two main parts by a partition. 
Blood from one side of the heart cannot enter the other 
side of the heart. We usually think of the heart as a pump, 
but actually it is two pumps. What happens during a 
single stroke of these pumps, that is, during one heart 
beat? The walls of the heart are made of thick, heavy 
muscles. When they contract, they squeeze blood out of 
the heart; when they relax, blood comes into the heart. 

Let us suppose that the muscles are relaxed. Blood will 
enter the right side of the heart through veins that bring 
blood from all parts of the body. Blood will enter the left 
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side of the heart through veins that bring blood from the 
lungs. Now the muscles contract. What happens? The 
blood in the right side of the heart is forced into an artery 
that carries the blood to the lungs. The blood in the left 
side of the heart is forced out into an artery called the 
aorta that carries blood all over the body. Notice that 
there is a valve between each receiving chamber and the 
pumping chamber below it. When the pumping chambers 
contract, these valves; 
close so that the blood 
will not be forced back- 
ward into the receiving 
chamber. Notice also 
the valve into the aorta 
and the valve into the 
big artery. 

Now that you have 
in mind what the heart 
does, let us get a kind 
of “‘bird’s-eye view”’ of 


the way in which the * - 
blood travels about the Fic. 285. Diagram of the human heart 





eres 


body. Figure 286 will serve as a kind of map for you. It is 
Just a rough diagram of the real blood system, as you can 
see by comparing it with Figure 282, page 372. 

The first thing to remember about the way the blood 
travels through the blood vessels is this: Almost every- 
where in the body the blood passes from the heart into an 
artery, from an artery into capillaries, from the capillaries 
into veins, and from veins back into the heart again. The 
second important idea about the circulation of the blood 
through the body is connected with the double heart. 

If you will start at any point in Figure 286 and follow 
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Fic. 286. Diagram of the circulatory 
system of the human body 


the arrows as the blood 
would go, you will dis- 
cover this important fact 
about the circulation: 
Every time the _ blood 
comes back to the heart 
from a lung, it goes into 
one side of the heart, the 
left side. But every time 
the blood comes to the 
heart from any other or- 
gan, it goes into the other 
side, the right side. 

Now you can see the 
reason for a partition in 
the heart. One side pumps 
only blood that contains 
oxygen and sends it to all 
parts of the body except 
the lungs; the other side 
pumps only blood that 
contains carbon dioxide 
and sends it to the lungs. 
This is called a double cir- 
culation. Every drop of 
blood in the body goes 
through the lungs every 
time it makes a round trip 
through the body. This 
plan makes sure that all 
of the body will receive 
plenty of oxygen if the 
lungs are working right. 
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The third thing to remember is the general plan by 
which the important organs of the body are supplied 
with blood. Blood must be sent to the muscles, brain, 
bones, and skin to provide them with oxygen, food, and 
building materials. Blood must go to the small intestine 
to get digested food. Blood must go to the kidneys to 
have the nitrogen wastes taken out. To supply all these 
organs, the heart pumps all the blood from the lungs into 
the large aorta. Just as this artery leaves the heart, small 
branches turn back into the heart muscle itself to supply 
the heart cells with food and oxygen. 

A short distance from the heart large branches are sent 
up to the head and arms. In Figure 282, page 372, you can 
plainly see these big arteries in the arms. The main artery 
then turns downward. A large branch goes to the digestive 
organs, and then two other large branches enter the kid- 
neys. All along the artery are many smaller branches that 
carry blood to various parts. At the lower end of the ab- 
domen the large artery divides into two smaller ones. One 
goes into each leg, as you can see in F igure 282. In this 
way every part of the body receives its share of the blood 
that contains oxygen. 

The heart and arteries are parts of the body that fre- 
quently give trouble when the body begins to wear out. 
A good healthy diet with little or no alcoholic drink, plenty 
of rest, reasonable exercise, and well-controlled emotions 
seem to be the most important ways of helping the circu- 
latory system last longer. The heart is one of the parts 
often injured by germs and the poisons from disease germs, 
about which you will learn in Unit 9. Thus it is important 
to avoid these diseases wherever possible, and to follow 
the directions of a good doctor when you have a disease. 
Especially when you are past middle life, that is, after 
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about forty years of age, you should have the advice of a 
physician, not only in times of illness, but also on how 
to care for your everyday health. 


Self-Testing Exercises 


1. Name the important parts of the circulatory system and 
tell what each one does. 

2. What three important parts of the blood can be noticed 
under a microscope? Tell one thing that each part does. 

3. Explain how the heart pumps 
blood? | 

4. Why is the circulation of blood in 
the body called a double circulation? 


Problems to Solve 


1. Under what circumstances would 
you expect the heart to pump more 
blood than usual? Find by feeling your 
pulse how many times your heart 
usually beats per minute. Then, when 
you think your heart is probably 
working harder than usual, count its 

eee. beats again. What do you learn? 
Fig. 287. It is well to 2. In how many places in your body 
know how to use atour- ean you feel a ‘pulse’? Make a list of 
niquet to stop bleeding ihe places. Under each of the places is 
from a wound. 
an artery. °- 

3. Find in some physiology or first-aid book how to stop 
dangerous bleeding from a cut. Look for diagrams that show 
the location of blood vessels that may be closed by pressure 
to stop bleeding. 

4. The walls of one ventricle of the heart are much thicker 
and heavier than the walls of the other ventricle. Do you think 
the thick-walled side pumps blood to the lungs or to other 
parts of the body? Give your reasons. 
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5. Compare the blood system of your body with the railroad 
system of a country. In what ways are they alike? In what 
ways are they different? 

6. In which part of the circulatory system do you think the 
blood has the highest pressure? Why? In which part do you 
think the pressure is lowest? Why? 


Problem 4: 
HOW DOES OUR FOOD DISSOLVE AND GET INTO THE BLOOD? 


HAT IS THE STRUCTURE OF THE DIGESTIVE SYSTEM? 

You have learned that materials cannot diffuse into 
and out of the cells of the body unless they are dissolved. 
However, if you will take some meat or bread and stir it 
with water, you will find that the meat or bread does not 
dissolve. Some foods like sugar dissolve, but most foods 
must be changed chemically into soluble materials before 
they can get into the blood and be carried to the cells. 
To understand how the digestive system dissolves food, 
you will need first to know how the digestive system 1s 
put together. 

A map of any system of the body is very helpful in 
understanding its work, just as a road map is helpful in 
finding your way about in a car. However, you must 
remember that a map does not show all the details. Figure 
288 is a map of the digestive system. Notice that the main 
part of the digestive system is a tube that goes from the 
mouth to the anus at the lower end of the body. The food 
tube is much longer than the body. In an adult person it is 
about thirty feet long. So part of it is coiled inside the 
abdomen. 

The food tube is often called the alimentary canal. It is 
hined with a special layer of cells called the mucous mem- 
brane. The cells of the mucous membrane give out, or 
secrete, a slimy material, called mucus. This material 
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lubricates the membrane so that food materials can pass 
through the tube easily. You can feel the slick mucus on 
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Fic. 288. The digestive system 


the inside of your mouth. 

The part of the food tube 
just below the mouth is called 
the pharynx. Then comes the 
esophagus. This is a rather 
narrow tube, but it is able to 
stretch a great deal. Just be- 
low the diaphragm the tube 
widens to form the stomach. 
After the stomach comes the 
long, small intestine. The 
lower end of the small intes- 
tine opens into the side of the 
large intestine. 

Notice that some parts of 
the digestive system are not 
parts of the food tube. These 
parts are the glands that 
make chemicals to pour on 
the food and help dissolve 
it. Opening into your mouth 
through tiny tubes are sev- 
eral salwary glands. These 
glands make the watery ma- 
terial, or saliva, that keeps 
your mouth moist. The lin- 
ings of the stomach and of 


the small intestines contain many very small glands that 
make chemicals to help dissolve your food. 

Both the pancreas and the liver are connected to the 
small intestine by small tubes through which their chemi-. 
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cals are poured on the food as it passes through. The tube 
coming from the liver is also connected to a kind of sac, 
the gall bladder. The liver fluid, or bile, is stored in the 
gall bladder when it is not needed for the digestion of 
food. In addition to making chemicals to help with diges- 
tion, both the liver and the pancreas have other jm- 
portant duties. You can find out about these other duties 
by looking in a physiology book. 

Self-Testing Exercises 

1. Close your book and draw a “map” of the food tube. Show 
where the liver and pancreas pour their chemicals into the tube. 

2. Make a list of the glands that pour digestive chemicals 
into the food tube. 

OW IS FOOD DissoLveD? In Unit 10 of Book 1 you 
H learned that there are three important classes of food 
materials: carbohydrates, such as starch and sugar; pro- 
teins, such as lean meat and white of eggs; and fats, such 
as butter and lard. Each different kind of food needs a 
different chemical to dissolve it. Thus several different 
chemicals are used in the food tube, and each different 
organ of the digestive system has a special work to do in 
preparing the food for the blood. 

In the mouth the teeth cut and grind the food into small 
bits, so that the chemicals can dissolve it more quickly. 
While the food is being chewed, the salivary glands pour 
saliva on it. The chief value of saliva is to moisten the 
food and to lubricate it, so that we can swallow it easily. 
However, saliva contains a substance that helps in the 
chemical digestion of food. You can watch this chemical 
digest one kind of food in a test-tube. 

EXPERIMENT 48. How Does Saliva H elp Dissolve Food? (a) Put 
a lump of laundry starch about the size of a large pea or an 
equal amount of corn-starch into a beaker or pan. Add about 
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one-third of a glass of cool water. Mix the starch thoroughly 
with the water and boil it. Then cool the mixture by adding 
an equal amount of cool water to it. Notice the appearance 
of the starch mixture. Has the starch dissolved? Pour a little 
of the mixture into a test-tube and add one or two drops of 
weak iodine solution. What color do you get? 

b) Put a piece of water-soaked cloth or a thin layer of soaked 
absorbent cotton in the bottom of a glass funnel or clean metal 


Longitudinal 
fibres 


Oblique fibres 






Ciriler fibres 


= “Loc ation 

of glands 
Fic. 289A. Muscles of the stomach. Fic. 289B. The black dots 
You can see that the stomach walls show about how the gastric 
are made up of sheets of muscle glands are located in the stom- 
running in different directions. ach. At the left is a gland as it 
These muscles expand and contract looks when it is magnified 


to churn the food in the stomach. thousands of times. 


funnel and stand it in a test-tube. Collect saliva in the funnel 
until the test-tube is at least one-fourth full of clear liquid. 
Test a little of the saliva with iodine as you did the starch 
mixture. Does it change color? 

c) Fill the tube that contains the saliva with starch mixture 
and mix the two liquids thoroughly. After two or three minutes 
compare the appearance of the liquid in this tube with a sample 
of the starch mixture poured into another tube. Does the starch 
seem to have dissolved? 

Test some of the starch-saliva mixture with iodine in a 
separate test-tube. It should no longer show the color due to 
starch. What has become of the starch? If the starch has not 
entirely disappeared, let the mixture stand longer and test 
again. (The results of this experiment will be better if the starch 


i i 
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mixture and the saliva can be kept at the temperature of the 
body by standing the test-tubes in warm water.) 

Experiment 48 shows that saliva contains some sub- 
stance that changes starch into another material. Chemi- 
cal tests show that the new material is one kind of sugar. 
Sugar is soluble and can be absorbed into the blood, while 
the body cannot use starch. Thorough chewing helps 
_ digestion by grinding the food into 
— tiny bits and by giving time for the 
chemical in the saliva to change 
the starch to sugar, or digest it. 

When we swallow, a layer of mus- 
cles around the esophagus pushes 
the food or drink from the throat 
into the stomach. The stomach is 
important as a place to store a 
meal, but much digestion also takes 
place in the stomach. Tiny glands 
in the lining of the stomach (Fig- 
ure 289B) pour a mixture of chem- 
icals, called gastric juice, on the frye. 290. At the left is a 
food. One of these chemicals is the simple gland as it would 
sour hydrochloric acid. Another, look if sliced in half. 
: : Notice the cells that line 
called pepsin, changes proteins, so the cavity. At ihereent 
that they can dissolve. (See Book is a gland as it looks un- 
1, page 344.) Strong layers of mus- cut. The black lines are 
cle fibers in the wall of the stomach pepmalrs can ing blood 
(Figure 289A) stir the food and °° #970: 

mix it with the gastric juice. After the food is made into 
a pasty, half-lquid material, it is pushed little by little 
into the small intestine. 

As the stomach pushes the partly digested food into 
the upper end of the small intestine, bile from the liver 
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and pancreatic juice from the pancreas are poured into the 
intestine to mix with the food. The tiny glands in the 
lining of the intestine also pour a digestive juice on the 
food. The pancreatic juice contains chemicals that help to 
dissolve all three classes of food—fats, carbohydrates, 
and proteins; while bile helps digest the fats, and the in- 
testinal juice helps digest the carbohydrates and proteins. 

On the average, food requires about four hours to pass 
from one end of the small in- | 
testine to the other. In this 
organ the digestion of the food 
is completed, and the dis- 
solved food is soaked into the 


blood, or absorbed. 


Self-Testing Exercises 


1. When saliva is mixed with 
cooked starch in water, the starch 
gradually disappears. What be- 
comes of it? 

2. State two ways in which the 
muscles of the food tube help dis- 
solve your food. 

3. How do chemicals from the glands along the food tube 
help dissolve food? 
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Fia. 291. Villi of the small in- 
testines 


OW DOES THE DISSOLVED FOOD GET INTO THE BLOOD? 
The dissolved food soaks into the capillaries in the 
lining of the small intestine almost as fast as it is digested. 
In order to take in the food so rapidly, the intestine must 
be well fitted for this work. The intestine is fitted for 
absorbing the food in several ways: (1) It has a very thin 
lining. (2) It contains a great many capillaries. (3) A great 
deal of its lining can touch the food; that is, the lining 
has a large area. 
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The intestine has a large area for two reasons. In the 
first place, the small intestine of a grown person is about 
twenty feet long. Besides this, it has thousands of tiny 
“fingers” about one twenty-fifth of an inch long that 
stick out into the liquid in the intestine and help to soak 
in the food (Figure 291). These tiny fingers are called 
villa (singular villus). In some parts of the intestine these 
_ villi make the absorbing surface fifteen times as much as 
it would be if the inside of the 
tube were perfectly smooth. 
This means that, with the 
help of the villi, those parts of 
the intestine can take in di- 
gested food fifteen times as 
fast as they could if there were 
no villi. 

The dissolved  carbohy- 
drates go into the blood flow- 
ing through the capillaries in 
the villi. Digested fats go into 
small tubes called lacteals and 
then into a long tube that 
finally empties into a vein near the left shoulder. Scientists 
do not yet know why one kind of food goes into the lac- 
teals while the other kinds go into the capillaries. Either 
way, however, the food finally gets into the blood to be 
carried near the cells that need it. 

By the time the food has reached the lower end of the 
small intestine, most of the food that will dissolve has 
been dissolved and absorbed through the walls into the 
blood stream. The part of the food that has not digested 
and a good deal of water that is mixed with it are pushed 
on into the large intestine. 





Fie. 292. A section view of 
villi 
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HAT HAPPENS TO THE UNDIGESTED PART OF THE 
v¢ roop? The large intestine is much shorter than the 
small intestine, but it has a larger diameter. Here the 
extra water is absorbed from the worked-over food, so 
that the body will not lose it. Then the undigested food is 
gradually pushed along toward the lower end of the large 
intestine and stored. From time to time, it is passed out 
of the body. 

The material that is stored in the large intestine contains 
large numbers of bacteria. These bacteria are usually 
quite harmless to the body. In fact, some animals use them 
to help digest their food. However, these bacteria live on 
the remains of the food and cause chemical changes in it 
that are somewhat like decay. It is usually best, therefore, 
that the materials left over from digestion should not be 
kept in the large intestine for more than a day. 

OW CAN WE HELP OUR DIGESTIVE SYSTEMS? Probably 

the best help you can give your digestive system is 

to keep yourself happy and interested in life. Worry, anger, 
and unhappiness in some way influence the work of the 
digestive system and may cause actual illness. It is espe- 
cially harmful to be unhappy and tense at meal-time. 
‘These emotional disturbances slow down the usual secre- 
tion and movements of the digestive organs. Another 
thing that often upsets the digestive organs is to engage 
in vigorous physical activity immediately after a heavy 
meal. When this is done, the body sends to the muscles 
the blood that should be going to the digestive organs. 

You can also help your digestive organs by the way you 
eat. The digestive chemicals can dissolve small particles 
much more quickly than large ones. To chew food well 
requires that you form correct habits of eating and that 
you keep your teeth in condition to do their work effec- 


a  ——— ‘ 
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tively. After your permanent set of teeth has grown, you 
cannot get new ones to take their place. The use and ap- 
pearance of your teeth is so important that you should 
take better care of them than you would of jewels. 

Unfortunately, the teeth are likely to decay. Scientists 
have never found out just what causes tooth decay. 
They do know that there is less 
‘decay when we eat a good healthy 
diet, exercise the teeth and jaws by 
chewing firm foods, and keep the 
teeth clean. Eating much sugar and 
candy seems to make the teeth de- 
cay more rapidly. 

Holes, or cavities, in teeth can be 
filled by a dentist, and the decay 
will usually stop. A dentist can also 
find cavities that we cannot see for 
ourselves, especially if he takes X- 
ray pictures of the parts of the teeth 
that touch each other. It is up to 
each one of us to keep his teeth 
clean and to have a dentist inspect Fic. 293. The structure 
them every few months. ot atoothtAthatd coats 

: ing of enamel protects 

Still another way to help your jhe SOrtcranicyienes 
digestive system is to choose your 
food with a reasonable amount of care. A healthy diet 
contains plenty of fresh fruits and vegetables, whole- 
wheat foods, and milk. As you probably remember, these 
foods contain minerals for the teeth (and bones) as well 
as vitamins that help build the minerals into good sound 
teeth and bones. Vitamins also help to keep the lining 
of the food tube in good condition. 

Fruits and vegetables help in two other ways. They give 
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the teeth and jaws exercise that seems to help in keeping 
the teeth and gums in good condition. They also contain a 
rather large amount of fibers and other indigestible mate- 
rials. These materials fill up the large intestine and help 
to make the intestine empty itself regularly. Whole- 
wheat foods are helpful in the same way. 


Self-Testing Exercises 


1. Give three reasons why the small intestine can absorb 
digested food quite rapidly. | 

2. How do digested carbohydrates get into the_ blood? 
Digested fats? 

3. Tell briefly, but accurately, what happens to a piece of 
whole-wheat bread, (a) in the mouth, (b) in the stomach, 
(c) in the small intestine, and (d) in the large intestine. Remem- 
ber that the bread contains all three classes of food material 
and some parts that are not digestible. 

4. What happens to any food that does not dissolve? 

5. State three important ways of keeping your digestive 
system in good condition. 


Problems to Solve 


1. Chew a dry cracker for a long time. Notice carefully to 
see if there is a change in its taste. If so, explain. 

2. How long would the small intestine need to be if it were 
smooth instead of being lined with folds and villi? Assume that 
folds and villi increase the area of the entire small intestine to 
eight times what it would be if it were smooth on the inside. 

3. Can you show that the flow of the saliva into the mouth 
is influenced by what you think? 

4. Read in physiology or other reference books to find what 
duties the liver has besides the secreting of bile. 

5. What is peculiar about the circulation of blood to the liver? 
Study diagrams of the circulatory system to solve this problem. 

6. How might a quarrel at meal-time cause indigestion? 
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Problem 5: 


HOW DOES YOUR BLOOD GET OXYGEN AND GET RID 
OF CARBON DIOXIDE? 


OU HAVE known for a long time that people and ani- 
‘Gen must have air. Now you know why air keeps you 
alive. Oxygen from the air oxidizes the food in your cells 
and turns loose the energy the cells need. And you know, 
_too, that we breathe out carbon dioxide. Now you know 
where the carbon dioxide is made. It is made in the cells 
where the carbon of our food _ 
unites with oxygen. From Seay 
the cells it diffuses into the 
blood and goes to the lungs. 

You know that air goes 
into your lungs when you 
breathe in, or znhale, and 
that carbon-dioxide gas goes 
out when you breathe out, 
or exhale. Do you know how 






a ete 


your lungs are constructed Fic. 294. This drawing shows how 
the windpipe divides to go to 


to let all the blood a aead Ck each lung and how the two 
body exchange its carbon di- branches divide into countless 


oxide for oxygen each min- little branches to carry air to 
ute that you live? every part of the lungs. 


HAT IS THE STRUCTURE OF THE RESPIRATORY SYS- 

Wy TEM? To understand how the breathing system 

works, you will need to have a clear idea of how it is made. 
If at all possible, you should examine some real lungs. 


EXPERIMENT 49. What Is the Nature of the Lungs? (a) Ex- 
amine the lungs of a sheep. These organs are about the size of 
a person's lungs. Find a rather large tube, the windpipe, or 
trachea, connected to both lungs. This tube will sometimes have 
been split open by meat inspectors. If so, you will be able to 
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see many little tubes leading into the 
lungs from the lower part of the wind- 
pipe. You will also be able to see the 
many rings of cartilage that held the 
windpipe open. (See Figure 296.) Feel 
the lungs with your fingers. Are they 
firm and heavy or light and spongy? 
b) Get a rather large glass tube about 
a foot long and round the edges by hold- 
ing the end in a gas flame until they are 
no longer sharp. When the tube is cool, 





Fic. 295. Drawing A 
shows a group of air 


sacs. Notice how they neh 
are covered by a net- push it into one of the bronchial tubes 


work of capillaries. and blow until the part of the lung con- 
Drawing B shows one pected to that bronchial tube is blown 


air sac as it would look . ; 
a eee aan full of air. Its appearance will change 


bulnghen Rarscnestirdiik: and become more like that of a natural 
magnified. lung. Release the air and notice what 

happens to the lung. By blowing air 
into the lung and then releasing the air you can imitate the 
movements of the lungs during breathing. 

With a sharp knife cut off a bit of lung that has been blown 
up. Look carefully at the cut edge. Can you see some of the 
very tiny bronchial tubes? Can you find, also, some almost 
invisible air bubbles? These tiny bubbles are the air sacs at 
the ends of the bronchial tubes (Figure 295). 


Let us follow some air as you breathe it in. Figure 296 
will help you get a clear picture of its journey. First the 
air goes into your nose. The nasal passages from your 
nostrils to your throat are quite narrow and irregular, 
made so partly by the turbinate bones. Also, the walls of 
the passages are moist and warm. If the air is not clean, 
much of the dust is caught in the moisture on the sides of 
the nasal passages. The air is also warmed as it passes 
back to the throat. In the throat the air goes down across 
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the food tube and enters an opening in 
front of the esophagus, called the 
glottis. Just above the glottis is a little 
“flap,” called the epiglottis. This flap 
covers the glottis when we swallow 
so that no food or water will go down 
into the lungs. 

The air next enters the volce-box, or 
larynx. You call the front side of the 
larynx your “Adam’s apple.” In the 
larynx the air goes through a narrow 
slit between two bands of tissue that 
vibrate to make the sounds of the 
voice. These bands are the vocal cords. 
From the larynx the air goes down a 
rather large tube, the windpipe or 
trachea. About six inches below the 
“Adam’s apple,” the air is separated 
into two parts by the bronchial tubes. 
One part goes into a bronchial tube 
that enters the right lung, and the other part of the air 
goes into a bronchial tube that enters the left lung. 

Once inside the lungs, the air runs into smaller and 
smaller bronchial tubes that fork like the branches of a 
tree. These branches become smaller and smaller until 
they reach into every part of the lungs. At the ends of the 
very finest bronchial tubes, the air goes into many tiny 
cup-shaped cavities arranged all around the tubes, some- 
what like grapes on a stem (Figure 295A). These tiny 
cavities are the air sacs. Here only the thin wall of the 
air sac and the thin wall of a capillary lie between the 
blood and the air. Therefore the oxygen Is easily absorbed 
through the walls into the blood. 





Fig. 296. The respira- 
tory system 
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Fic. 297. Can you apply arti- 
ficial respiration to a person 
who has been drowned or in 
some other way suffocated? 
This picture shows the correct 
position for beginning. The 
palms of the hands are placed 
on the short ribs across the 
small of the back. The patient’s 
head rests on his arm to keep 
his nose and mouth free. Now 
study Figure 298. 





The two lungs fill almost the whole chest cavity except 
the part filled by the heart and windpipe. The lungs are 
very light, spongy organs because they contain so many 
bronchial tubes and air sacs. Blood vessels run all through 
the lungs to carry blood to each air sac and back again to 
the heart. 

No one has been able to count all the air sacs in a lung. 
However, one careful scientist has estimated that the 
lungs of a grown person contain 600,000,000 air sacs. If 
the linings of all these sacs could be formed into a single 
sheet of material, there would be enough to cover the 
walls of a room fifteen feet wide, twenty feet long, and 
ten feet high. Can you see why so much lining is useful 
in the lungs? 

OW DOES THE BLOOD EXCHANGE CARBON DIOXIDE FOR 
H OXYGEN? Figure 295 will help you understand what 
happens in the walls of the air sacs. The blood that enters 
the wall of an air sac contains much dissolved carbon 
dioxide. The air in the air sac contains very little of this 
gas. Carbon dioxide thus passes from the blood into the 
air sac. At the same time there is much oxygen in the air 
sac and little in the blood. The lining of the air sac is 
always moist. You know that gases can dissolve in liquids. 
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Fic. 298. The operator bends 
his body forward, letting his 
weight fall on his wrists. This 
weight squeezes the victim’s 
chest and thus decreases its 
size, expelling the air. Then 
the operator swings back to 
first position, the chest ex- 
pands, and air goes in. These 
“movements should be kept up 
twelve to fourteen times a 
minute for an hour or more. 





The oxygen from the air dissolves in the moisture in the 
lining of the air sac and diffuses into the blood. 

A moment after some air enters an air sac, it has lost 
some of its oxygen and has received carbon dioxide in 
place of the oxygen. The carbon dioxide must be gotten 
out of all the air sacs, and more oxygen must be gotten 
in to keep diffusion going on as it should. Of course, it is 
your breathing, or respiration, that gets the used air out 
of the air sacs in your lungs and takes in fresh air. This 
is caused by the breathing movements made by the chest. 
Fresh air is brought into the lungs when you breathe in, 
or inhale, and used air is forced out when you breathe out, 
or exhale. 

Some people think that all the oxygen is taken out of 
the air in the lungs and that what we breathe out is pure 


TasLeE 3. How true Air Is Cuancep In Our Lunes 
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carbon dioxide. Table 3 shows that these ideas are incor- 
rect. The air is mostly nitrogen. This is not used in the 
body; so its amount does not change as the air goes into 
and out of the lungs. But the air does change in three ways 
while it is in the lungs: (1) About one- 
fourth of the oxygen in the air goes into 
the blood. (2) An almost equal amount 
of carbon dioxide comes out of the blood 
into the air. (3) Moisture from the lin- 
ings of the air passages and air sacs 
evaporates until the air is saturated. 


OW CAN YOU KEEP YOUR RESPIRA- 
H TORY SYSTEM IN GOOD CONDITION? 
Like other parts of your body, the res- 
piratory system really takes care of itself 
if you give it a fair chance. The breath- 
ing muscles are controlled automatically 
by nerve messages, so that you breathe 
at the correct rate to keep fresh air in 
the air sacs. The correct rate of breathing 
for a normal, healthy person of your 


Fic. 299. In certain 
kinds of work men age 1s about twenty-two breaths per 
and women wear or minute. 

should wear masks 
to protect their 
lungs from dust. 


One way in which the respiratory 
system protects itself is by the struc- 
ture of the air passages. The linings of 
the air passages are covered with microscopic living hairs, 
called cilia, that move back and forth. The movements 
of these cilia sweep dust and other useless materials 
up and out of the air passages. 

The most important way to help your respiratory sys- 
tem is to keep yourself in good physical condition by 
getting enough rest, the right kind of food, fresh air, and a 
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reasonable amount of exercise. Such diseases as colds, 
pneumonia, and tuberculosis, that attack the respiratory 
system, are much less likely to get started in persons who 
are in the best of condition. Of course, you should also as 
far as possible avoid the germs that attack the respiratory 
organs. You will learn more about how to avoid these 
disease germs in the next unit. 

Exercise is of great value to the lungs because it makes 
us breathe deeply and use the air sacs in all parts of the 
lungs. At all times we should breathe as little dust as 
possible because dust is likely to irritate the delicate lin- 
ings of the air passages. Then germs can attack these 
linings more easily. Some kinds of dust, such as the dust 
from rock that contains quartz, cause serious disease in 
the lungs. People who must work continually in any kind 
of thick dust should protect themselves by wearing masks 
to strain the air. 

Self-Testing Exercises 

1. Tell the story of an oxygen molecule that goes from an 
air sac into the blood. You may wish to draw a simple diagram 
to illustrate your story. 

2. Do Exercise 1 for a carbon-dioxide molecule that comes 
back from a cell in the blood. 

3. How is the air you breathe out different from the air you 
breathe in? 

4. What do you think is the correct way to take care of your 
breathing organs? 

Problems to Solve 

1. Fill in the story of the oxygen molecule in Self-Testing 
Exercise 1 from the time it entered the blood until it came 
back from the cell as a part of the carbon-dioxide molecule in 
Self-Testing Exercise 2. 

2. Make as long a list as you can of the ways in which the 
lungs are fitted to do their work well. 
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3. Make a model to show how the diaphragm helps fill the 
lungs with air. Use a bell-jar with a neck as shown in F igure 
300, or a large bottle without a bottom. Fit the neck with a 
stopper, glass tube, and thin rubber balloon. Use a piece of 
old inner-tire tube for the artificial diaphragm. Be sure to tie 
it so that no air can escape around the lower edge of the jar. 
Push in and pull out on the “diaphragm.” What 
does the balloon do? Explain and compare the 
action of your model with the action of the 
human chest and lungs. 

4. How much air can you breathe out of your 
lungs? Fill a one-gallon glass jug with water 
and turn it upside down in a large pan that 
contains about three inches of water. Fill your 
lungs and breathe out through a rubber tube 
that extends up into the jug of water. Measure 
the amount of air you breathe into the jug. 
Fie. 300 Compare your lung capacity with that of other 

members of your class. 





5. How fast do you breathe under ordinary circumstances 
after exercise? Choose a partner to count your breaths for a 
minute after you have been resting and after exercise. Then 
count his and compare results. 

6. How can you best help a person breathe when he has 
stopped breathing because of an accident? Read about arti- 
ficial respiration in reference books and, if possible, practice 
artificial respiration with a friend. If correctly done, the person 
who is pretending to be injured need not use his breathing 
muscles while you carry on artificial respiration. 

7. Do you think that you use more oxygen during one hour 
of the day or during one hour of the night? Give a reason for 
your answer. 

8. Find out what a pulmotor is and how it is used in cases 
of drowning and suffocation. 


9. Why must adenoids and tonsils sometimes be removed? 
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Problem 6: 
HOW DOES THE BODY GET RID OF ITS NITROGEN WASTES? 


UR BODIES must get rid of three main kinds of used 
materials: undigested foods, oxidized carbon or 
carbon dioxide, and nitrogen wastes from the protein 
used by our bodies. You know that the lower part of the 
large intestine passes the undi- 
gested food out of the body. 
You have also learned how the 
gas, carbon dioxide, gets out of 
the blood in the lungs and how 
we breathe it out of our bodies. 
The nitrogen wastes of the 
body are largely in the form of 
a white chemical compound, 
called wrea. Being a solid mate- 
rial, the urea cannot leave the 
blood in the lungs. When it is 
ready to leave the body, this 
compound is dissolved in the 
liquid part of the blood as salt 
is dissolved in water. It is re- | 
moved from the blood and Fic. 301. The kidney system 
passed out of the body by a 
special system of organs that make up what is called the 
urinary system, or the kidney system (Figure 301). 





OW IS THE KIDNEY SYSTEM CONSTRUCTED TO DO ITS 

WORK? Some people have a vague idea that the kid- 
heys are connected with the digestive system. But this 
idea is not correct. The two kidneys themselves are be- 
hind the stomach and liver, one kidney on each side of 
the backbone. Their position in the body is clearly shown 
in Figure 277, page 363. 
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Since the kidneys must remove wastes from the blood, 
each one has a large artery leading into it and a large 
vein leading out of it. The kidneys remove dissolved urea 
and other chemicals from the blood together with some 
water. This mixture is the liquid called wrine. From each 
kidney a tube, called ureter, leads down to the very 
lowest part of the abdominal cavity. There the urine is 

7 : stored in a muscular sac, 
called the urinary bladder. 
From time to time the urine 
is discharged from the body 


— . : through a third tube, called 
Hes "302. A citer ine ‘sal the urethra. 
its capillaries 





The kidneys are, of course, 
the really important parts of the urinary system. A person 
can live with only one-half of one kidney, but if both are 
removed or stop working, death is sure to follow. Each 
kidney of a grown person is composed of about a million 
tiny tubes, called twbules, each one very closely connected 
with a network of capillaries. 

Figure 302 shows a single kidney tubule and some of its 
capillaries. Water containing dissolved waste materials 
filters out of the blood in the capillaries at the globe- 
like end of the tubule. In some way that is not yet under- 
stood, the cells along the middle part of the tubule take 
some of the water out of the urine and return it to the 
blood. If the body does not have plenty of water, no 
more than is necessary is lost through the kidneys. In 
this way the kidneys act as a kind of water regulator for 
the body. 

Besides removing the nitrogen wastes from the blood, 
the kidneys have a large part in regulating the different 
materials in the blood. Whenever there is too much sugar, 
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salt, or water in the blood, the kidneys remove the extra 
substance and thus help keep the correct amounts of these 
substances in the blood. 

If kidney or bladder disease develops, it usually does 
so late in life when the body begins to ‘“‘wear out.’ How- 
ever, many doctors believe that we can help to avoid 
trouble by taking care of our kidneys. Drinking sufficient 


| water (not less than six to eight glasses a day) gives the 











kidneys an abundant amount in which to dissolve the 
waste materials. By keeping in good physical condition 
and by avoiding overeating and the excessive use of 
alcoholic drinks, we can protect our kidneys from over- 
work. 2 

Sometimes disease germs or their poisons injure the 
kidneys. One of the main reasons for having a doctor to 
care for us during illness is to avoid unnecessary damage 
to the kidneys. 


Self-Testing Exercises 


1. Why are the kidneys a necessary part of the body? 
2. Tell briefly how the kidneys do their work. 
3. How and why are the kidneys connected to the bladder? 


LOOKING BACK AT UNIT 8 


1. Use about two pages to tell the really important ideas 
about how the body works. Choose your ideas carefully. Then 
write them down in a connected way, so that a person reading 
your summary can understand about the body. 

2. Show in some way that you know the meaning of each of 
the following terms. 


ven gland alumentary canal artery 
urea cartilage bronchial tubes diffusion 
villus capillary diaphragm ureter 
tendon ligament gastric juice corpuscle 


vertebra oxidation system (of organs) cilia 
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ADDITIONAL EXERCISES 


1. Make a list of the changes that take place in your body 
when you exercise vigorously. For example, one change is, 
“The heart beats more rapidly.” 

2. How many uses of water in the body can you think of? 

3. Read in reference books about how different animals, 
such as fish and insects, get oxygen. 

4. Shake up a quart of clear limewater with air. Then put 
a gold fish in the water. How does the water change? Explain 
what happens. 

5. Find in reference books what the ductless, or endocrine, 
glands do for the body. Some of these glands are the thyroid 
gland, adrenal glands, and pancreas. 

6. Look in the World Almanac or some sila book of facts 
for the most common causes of death. Which set of organs 
seems to wear out most often? (Cancer is not a disease of any 
one set of organs.) 

7. Compare.the working of the heart with the working of 
a water pump. Refer to pages 374-376. 7 

8. Plan and try an experiment to find out if a candle will 
burn in the air you breathe out. 

9. Read in reference books to find what William Harvey 
discovered about the blood and how he discovered it. 








Fic. 303. Edward Jenner, an English doctor, discovered the method 
of preventing smallpox, called vaccination, in 1796. It is said that 
the first person to be vaccinated by Dr. Jenner was his eight-year- 
old son. This experiment was successful, and man had discovered 
another way to fight disease. In this unit you will learn how vaccina- 
tion keeps a person from having smallpox. You will also learn how 
other diseases are caused, how many of them can be prevented, and 
how you can help your body keep itself free of disease. 


UNIT NINE 
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UNIT 9 


HOW CAN YOU HELP YOUR 
BODY FIGHT DISEASE? 


INTRODUCTORY EXERCISES 


1. Make a list of diseases that you have had. Which 
were the kind you could “catch,” and which were not? 

*2. What are bacteria? 

3. (a) What does your city or community do to keep its 
people healthy? (Some cities sprinkle the streets, see that 
garbage is kept in cans where flies cannot get at it, have 
health clinics, ete.) What should your community do that 
it does not do? 

6) Answer these same questions for your school. 

4. Make a list of the things you can do to help keep 
yourself and your family healthy. 

5. What are germs? Are all germs dangerous? What is a 
“germ disease’? 

6. How do germs harm a person’s body? 

7. What vaccinations, or “‘shots,”’ have you had? How 
did these treatments keep you from having the diseases 
for which you were being treated? 

8. Perhaps you have heard insects called “carriers of 
disease.” List the insect-carried diseases that you know. 
Which of these diseases occur in your community? 

9. Explain how these two expressions are alike: 

a) “An ounce of prevention is worth a pound of cure.” 
b) “Preventive medicine is being looked upon more and 
more as the gateway to health.” 
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Fria. 304. The Indian medicine-man is treating a patient by holding 
an apple stuck full of feathers on his neck. The other medicine-man 
is selling a patent medicine, which is useless and perhaps harmful. 
Instead of these superstitious remedies and patent medicines reliable 
doctors use treatments that scientists have proved to be helpful in 
fighting disease. (Ewing Galloway, N. Y.) 


LOOKING AHEAD TO UNIT 9 


ID YOU ever have someone say to you, ““Good-morning. 
How do you feel today?” Perhaps you replied, 
‘““Good-morning. I feel like a million dollars.”’ That was a 
slang way of saying that your body was working well. 
Probably you did feel like a million dollars so far as your 
health was concerned. Certainly no one would take a mil- 
hion dollars for his health. All the money in the world 
would be of little value to a person if he were sick all of 
the time. 

People have done and still do many strange things to 
try to keep their health or to regain it if they have lost it. 
In times of long ago people were so ignorant of how the 
human body works that they did not know what made 
them sick or what to do to get well. If we compare some 
ancient ways of curing diseases with some modern 
methods, we can appreciate more fully the progress that 
science has made in keeping people healthy. 
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Suppose you were a member of some very primitive 
tribe of people and you became ill. How would the tribal 
witch-doctor try to cure you? There might be ceremonial 
dances with the loud beating of tom-toms to scare away 
the evil spirits that were supposed to cause the disease. 
If this failed, the witch-doctor might give you a necklace 
made of animal’s teeth. He would tell you that this charm, 
if worn, would drive the disease away. He might even sew 
an animal’s tooth, some burned feathers, a few bones, 
and some ashes into a sack made of frog skin. He would 
tell you to wear this as a protection against the disease. 
Of course, you would not be willing to trust.these foolish 
kinds of remedies. 

However, people today do things that are just as fool- 
ish. They buy and use treatments that are worthless or 
even harmful. Look through certain magazines, and you 
will see many such false cures advertised. Some of them 
claim to cure gallstones; others, stomach and intestinal 
diseases; and some of the most extreme even claim to 
cure the deadly disease, cancer. These advertisements are 
harmful in two ways: (1) They take the patient’s money 
and give him no real benefit in return; and (2) they 
prevent or delay the getting of advice from some honest, 
well-trained doctor. 

Strangely enough, some people take such ‘“‘quack”’ 
treatments and actually get well. But they do not get 
well because of these so-called cures; they get well in 
spite of them. Their bodies are strong enough to fight 
the diseases and overcome the “treatment,” too. 

In his long search for health, man has learned more 
and more about the causes of diseases and how to help 
his body fight them. What are some of the modern ways 
of keeping healthy and of treating diseases? All of us 


EE EE a 





Fic. 305. Doctors make many tests to find whether people are in good 
physical condition. In this health clinic the doctor is examining the 
eyes of all the children in a school class. (Ewing Galloway, N. Y.) 


should have our bodies examined regularly once every 
year or two, even though we are not sick. A good doctor, 
with his scientific tests, can often detect diseases before 
we feel ill. Then he can begin treatment at once and 
help our bodies to overcome the disease more easily. 
Perhaps your school gives medical examinations each year 
to see that you are in good physical condition. 

Have you ever been to a health clinic? Everything was 
spotlessly clean. The walls were white, and the windows 
let in plenty of sunshine. The doctor’s instruments were 
either steamed or dipped in alcohol to kill any germs that 
might be on them. The doctors examined your nose and 
throat to see that they were in good condition. They 
looked at some of your blood through a microscope to find 
whether it contained the right number of red and white 
corpuscles. They even listened to your heart beat with an 
instrument called a stethoscope. If you were ill, their careful 
tests showed them what was wrong with your body and 
helped them select the best treatment for you. 
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Of course, this is not the whole story of modern medical 
science. But it does show you how much more scientific 
our methods are than those of primitive people and of 
false doctors today who advertise cures for everything. 

Now let us examine a few of the important health 
problems everyone must face, and let us learn how to face 
them intelligently. How can we help keep our bodies 
healthy, so that they can resist diseases? How can we 
keep germs from getting into our bodies? How can we 
codperate with doctors and other health authorities 
when we take a disease? How can we make our com- 
munity a more healthful place in which to live? These 
are the important health problems that everyone meets. 
This unit will tell you much about them. 

Problem 1: 
WHAT ARE DISEASE GERMS? 

LMostT two hundred and fifty years ago, Anton van 
A Leeuwenhoek, a Dutch scientist, discovered the ex- 
istence of plants and animals so small that they could be 
seen only through a microscope. At that time people 
believed that these tiny living things just grew from the 
substances in which they were found; that is, they thought 
spoiled meat juice, garbage, and sewage produced micro- 
scopic plants and animals. 

Eighty years after Leeuwenhoek’s time a wonderful 
new discovery was made by Lazaro Spallanzani, an Italian 
scientist. He actually saw one of these tiny one-celled 
organisms divide into two organisms. Then he saw the 
two organisms divide into four, ete. In this way he learned 
that these tiny plants and animals can multiply and pro- 
duce countless other plants and animals like themselves. 

But it was nearly a hundred years before three great 
scientists, Louis Pasteur, a Frenchman, Robert Koch, a 





Fic. 306. Louis Pasteur, shown here in his laboratory, and Robert 
Koch are two of the great scientists whose discoveries have helped 
in the work of fighting disease. 


German, and Joseph Lister, an Englishman, showed that 
certain diseases are caused by tiny organisms in our bodies. 
The final proof that many diseases are caused by micro- 
scopic plants and animals was worked out by Koch in 
1876. These scientists also proved that if these organ- 
isms are not allowed to develop inside the body, a person 
does not have the diseases they cause. Therefore, the 
problems of modern medical practice are: (1) to keep these 
tiny living things, called germs, from getting into the 
body; (2) to know how to kill germs without harming the 
body; or (3) to help the body kill germs and repair itself. 

Of course, not all diseases are caused by germs. When 
some organ of the body fails to do its work, we say the 
disease is organic. Heart trouble, caused by the improper 
working of the heart, is an organic disease. However, in 
this unit you will study chiefly the diseases that are 
caused by germs. 
Self-Testing Exercises 

1. What is a disease germ? 

2. What is the difference between organic diseases and germ 
diseases? Give an example of each kind of disease. 
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Fic. 307. In all parts of the world men and women called bacteriol- 
ogists spend their lives searching for bacteria that are still unknown 
and for methods of fighting those that are known. You may find it 
interesting to watch in newspapers and magazines for news of im- 
portant discoveries about disease germs. 


HAT ARE PLANT GERMS LIKE? Do you know that 
v¢ many tiny plants actually live in our bodies? Some 
of these organisms do us little or no harm, while others 
cause serious diseases. Many of the microscopic plants 
that cause diseases are known as bacteria. Bacteria are 
one-celled plants of various sizes and shapes. Each tiny 
plant, or bacterium, is so small that from 5000 to 50,000 
of them are required to make a row one inch long. Some 
bacteria are so small that a million of them could be 
placed on top of an ordinary pin head. Yet, if the condi- 
tions are right, a single one of these bacteria may grow 
and make more bacteria until there are enough of them 
to kill a man or even an army of men. 

Let us examine some bacteria to see what they are 
really like. There are thousands of different kinds; so 
their classification is a rather difficult matter even for the 
bacteriologist. However, most bacteria may be recognized 
by the effects that they produce while they are growing 
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Fie. 308. The three general groups of bacteria. When cocci are in 
chains (top center), they are known as streptococci. 


and by their shapes. Three groups of bacteria are com- 
monly recognized. 

Suppose that a bacteriologist is letting you examine 
some of these plants under a very powerful microscope. 
You find some tiny, ball-shaped cells. These cells may 
be separate from each other, or they may be in long 
chains or in bunches (Figure 308). “Those are cocci,” says 
the bacteriologist. “Scarlet fever and pheumonia are 
caused by the coccus type of bacteria.” 

You put another slide under the microscope and focus 
the instrument. This time you see many peculiar cylinder- 
shaped cells. Some are attached end to end like links of 
Sausages; others are grouped in small bunches or masses. 

“These are not cocci, for they are shaped differently,” 
you say. 

“No,” he tells you, “they are bacilli. Perhaps you have 
known people who have had typhoid fever or tuberculosis. 
The germs of these diseases are of the bacillus type.” 

You examine another slide under the microscope. This 
time you see corkscrew-shaped cells. Some are by them- 
selves, and others are joined together to form spiral chains. 
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Fic. 309. The culture dish at the left was uncovered for twenty min- 
utes. The large spot is a mold growth; the small spots are colonies of 
bacteria. The other culture dish also shows spots of bacteria that 
grew after fingers had been rubbed across the surface of the gelatin. 


“These bacteria are shaped like springs or spirals. They 
must be another kind,” you say. 

“They are another kind,’ answers your friend. “You 
already have the name, spirilla, from their spiral shape. 
Cholera is caused by the spirillum type of bacteria.” 


EXPERIMENT 50. Where Are Bacteria Found? Boil six shallow 
dishes with tight covers for half an hour to sterilize them. 
While the dishes are boiling, mix about five ounces of un- 
flavored gelatin in a quart of water. Add a pinch of salt and 
one-half ounce of beef extract or sugar. Heat the mixture until 
the gelatin is dissolved. 

Pour enough of the gelatin mixture into each dish to cover 
the bottom. Then set the covered dishes in a covered steamer 
or a steam sterilizer. Keep them in live steam for an hour. 
When the gelatin has hardened, treat the six dishes as follows: 

a) Leave one dish open to the air for about fifteen minutes 
(after the room has just been swept, and dust is in the air); then 
cover the dish. 

b) Scrape around your teeth with a toothpick and rub the 
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toothpick over the surface of the gelatin in another dish; then 
cover it. Label each dish so that they will not become mixed. 

c) Put a few drops of unclean milk into another dish; then 
cover the dish. 

d) Rub your fingers across the surface of a dish; then cover. 

é) Keep another dish of clean gelatin tightly closed. 

Keep the dishes at room temperature (or slightly warmer) 
. for several days. Watch for pink, yellow, or white spots on the 
gelatin. These will be colonies of bacteria. (Remember that a 
single bacterium is too small to be seen without a microscope.) 
Explain what happens in each case. If your work was carefully 
done, colonies of bacteria did not appear in dish e. Why not? 


In Experiment 50 bacteria probably grew in each of» 
the dishes except the one that was kept tightly closed. 
This might lead you to believe that bacteria are almost 
everywhere. And such is the case. Scientists have carried 
dishes of gelatin up into the stratosphere, to the tops of 
highest mountains, and deep into mines. In every place 
that they have tested they have found bacteria present. 

However, most and perhaps all the bacteria you caught 
in your culture dishes were harmless. Many bacteria in 
the air, water, and soil are helpful because they use the 
bodies of dead plants and animals for food and thus help 
get rid of them. Others help plants by taking nitrogen 
from the air and making it into useful compounds, as you 
learned in Science Problems, Book One. A few of the 
bacteria found in soil and water and other kinds that live 
in the bodies of men and animals make us sick when they 
get into our bodies. These kinds of bacteria form one 
group of disease germs. 

Bacteria are not the only plants that cause diseases. 
Certain kinds of yeasts, one-celled plants that you have 
studied, may get into broken places in the skin and cause 
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sores. Tiny mold-like plants cause a skin disease known 
as “‘athlete’s foot.”’ Parts of these small plants break off 
from plants that are on the foot of a person who has the 
disease. Then, when another person steps upon these 
plants, they lodge in moist places upon the skin of that 
person’s foot and grow, causing him to develop the disease. 


Self-Testing Exercises 

1. Are all bacteria harmful? Explain. 

2. (a) Scarlet fever is caused by streptococcus germs. From 
their name, what shape do you think they have? 

b) Leeuwenhoek wrote a paper in 1683 describing a tiny 
living thing that he thought 
was an animal. Later, other 
scientists found it living com- 
monly in saliva. They gave it 
the name Spirillum sputige- 
num. What was its shape? 

3. Name some diseases that 
are caused by bacteria. | 

4. Which of these  state- 
ments is correct? Explain your 
answer. 

a) All bacterial diseases are 
Fic. 310. Tuberculosis germ, mag- germ diseases. 


nified thousands of times. These b) All germ diseases are bac- 
are germs of the bacillus type. 





terval diseases. 
HAT ARE ANIMAL GERMS LIKE? Some kinds of one- 
WV celled animals may get into the body and cause 
diseases. But there are not nearly so many different kinds 
of one-celled animal germs as there are one-celled plant 
germs. However, they have many different shapes, and 
they affect different parts of the body. Amoebic dysentery, 
malarial fever, and African sleeping sickness are diseases 
known to be caused by certain one-celled animals. 
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. Fie. 311. The development of the one-celled animal germs that cause 
malarial fever is shown in these pictures. (1) The germs begin in small 
growths on the outside of the stomach of a mosquito that has bitten 
some person ill with the fever. (2) In each of these growths are many 
germs. (3) In picture number 3 one of the germs has entered a red- 
blood corpuscle of a person bitten by the mosquito. (4) In the cor- 
puscle the germ divides into many parts, breaking the wall of the 
corpuscle. (5) The germs and their poisons enter the blood stream. 


When animal germs get into the body, they multiply in 
different ways to produce more germs. Each germ may 
divide into two parts, as bacteria do; or each germ may 
divide into many smaller parts, each part being able to 
grow into a new germ. 

Sometimes many-celled animals cause diseases. Do you 
ever eat raw or partly cooked meat? If you do, you have 
had an opportunity to take parasitic worms into your 
body. Occasionally meat contains young tapeworms. If 
the tapeworms are not killed by the heat of cooking, 
a young worm may fasten itself to the wall of the in- 
testines. Then the tapeworm absorbs liquid food material 
that the body needs, and, in time, grows very long. 

Trichina worms are occasionally found in large num- 
bers in pork (Figure 312). If they are not killed by heat 
during cooking, hundreds or thousands of these micro- 
scopic worms get to the muscles of the body and bury 
themselves there. They cause a disease called trichinosis, 
which injures the body and sometimes causes death. 
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In warm regions where people go barefoot, hookworms 
burrow through the skin of the feet. Finally they reach 
the intestines and drain blood from its walls, making the 
person weak, so that he can take other diseases easily. 

Some diseases, such as common colds, influenza, mumps, 
and measles, have puzzled scientists greatly. They act 
like germ diseases. They are easily spread from one person 
to another, and they make us sick 
in a similar manner. But the germs 
that cause these diseases have never 
been found. When discharges from 
the bodies of persons suffering with 
these diseases are filtered, no germs 
can be found in the filtered liquids. 
Yet we know that these discharges 
cause diseases in other people. 

What, then, really causes these dis- 
eases? We do not know. So the best 

NE ~ we can do is to take proper care of 
Fie. 312. A trichina our bodies and try not to expose our- 
vegshianes Lue Tesi selves to these diseases. Probably 
some day scientists will know their causes and find treat- 
ments for all of them, as they have for smallpox, diph- 
theria, typhoid fever, scarlet fever, and other diseases. 





5% 


Self-Testing Exercise 


Divide the names of the diseases below into four lists accord- 
ing to their causes: Plant Germs, Animal Germs, Uncertain, 


and Many-Celled Animals. 


common colds scarlet fever tuberculosis 
malaria pneumonia measles 

influenza | sleeping-sickness hookworm disease 
mumps typhoid fever trichinosis 
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Problem 2: 
HOW DO GERMS MAKE US SICK? 


HAT HAPPENS WHEN GERMS GET INTO OUR BODIES? 

\¢ How do you feel just before you have to go to bed 
with a disease—measles, for example? You feel tired, you 
cannot eat, your head aches, your eyes burn, and perhaps 
you have fever. What do germs do to your body to make 






’ you feel this way? ay 
Germs, like other living LE 
things, need food, moisture, A 


and warmth in order to 4 
thrive. But unlike most liv- 
ing things, they need dark- 
ness instead of sunlight. (~*~ 
When germs get inside the 
body, they find all of these 
conditions and begin to grow 
at once. And how fast they 
multiply! In about fifteen 
minutes a single bacterium 
divides, and there are two bacteria. In fifteen minutes 
more these two have divided, and there are four: in 
another fifteen minutes there are eight, and so on. In less 
than a day at this rate there would be more bacteria 
than there are people in the United States. 

Fortunately for us, germs cannot continue to multiply 
at this rate of speed for very long. Lack of food and the 
poisons they produce help to hold them in check. Then, 
too, when the body is in good condition, it fights them, 
as you will learn later. 

Once germs are in the body, they begin to seek the 
part of the body best suited to their growth. Tuberculosis 
and pneumonia germs grow best in the lungs. Dysentery 


Fie. 313. Diphtheria germs, mag- 
nified thousands of times 
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and typhoid germs grow best in the intestines. Malaria 
germs prefer red-blood cells. Some kinds of germs, how- 
ever, seem to grow well in any part of the body. 

When germs reach the part of the body where they 
can grow best, they immediately begin to do their 
damage. As you know, the body is made of millions of 
tiny cells. Germs must have food in order to live; so they 
get their food from the cells of the body. This destroys 
great numbers of cells. Of course, the body builds new 
cells to take the place of those destroyed by the germs. 
But this work of building the new cells puts an extra 
strain on the body, because the body must make new 
cells in addition to carrying on the rest of its work. 

Have you ever seen a “‘boil’’ on someone’s skin? How 
did it look? Usually the skin is red and ‘“‘angry-looking,” 
and the area around it is swollen. A boil is not a very 
pleasant thing to have because it is very painful. How did 
the germs cause a boil to happen? 

As germs grow, they give off poisonous substances. Did 
you ever hear a doctor speak of toxins? Toxins are poison- 
ous substances produced in our bodies by germs. The 
case of a boil is simple, because the poisoning is limited 
to a small area. The boil soon bursts and lets out masses 
of material known as pus. Pus is the whitish, watery- 
looking material that collects in boils and other sores. It 
contains masses of germs, dead body cells, and the white 
corpuscles of the blood that helped to destroy germs. 

Other diseases may not be as simple as boils. Germs 
may make toxins that are spread to many parts of the 
body. For example, diphtheria germs growing in the throat 
give off a toxin that enters the blood and poisons the 
heart, nerves, and kidneys. Perhaps you have had your 
tonsils removed. Why was this necessary? Some kinds of 
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germs are’ able to live and grow in 
certain parts of the body, such as the 
tonsils, the teeth, and the sinuses. 
The sinuses are small pockets in the 
bones of the head. These germs do 
not make us sick immediately, but 
they furnish a constant supply of 
‘germs and poisons that finally cause 
serious diseases, such as rheumatism 
and heart trouble. One of the diffi- 
culties in curing these diseases is to 
find the source of infection, that is, 
the place where the germs are pro- 
ducing their poisons. 

OW CAN DOCTORS TELL WHAT 
H KIND OF DISEASE YOU HAVE? 
When a doctor examines a patient, hel Svcay 4. The sue 5 
looks for signs, or symptoms (Figure — Jooking for signs of a 
314). We say that he makes a diag- disease. (Ewing Gallo- 
nosis. Headache, a fever, chill, break- W@y> N. Y-) 
ing out of the skin, pus, and many other symptoms give 
the doctor a clue as to what the disease may be. Doctors 
have watched the development of many cases of disease; 
therefore they can usually tell by the early signs what 
disease is making the patient ill. 

Scarlet fever nearly always begins with the same effects. 
The person thinks he is developing a slight cold. His nose 
runs, his eyes burn, his throat is sore, he has a ‘“‘straw- 
berry-red”’ tongue, and a slight fever develops. Soon the 
fever increases, and a bright red rash appears upon the 
skin. These spots make the doctor fairly certain that the 
patient has scarlet fever. Other diseases have their own 
peculiar early signs. 
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Self-Testing Exercises 

1. How are germs like other living plants and animals in the 
things they need to keep them alive and to make them grow? 
How are they unlike other living things in these ways? 

2. How many bacteria could be produced from one bacterium 
in an hour? What keeps bacteria from reproducing at this 
rate for a long time? 

3. What is a toxin? What effect does it have? 

4. How do doctors diagnose a disease? 


Problems to Solve 


1. Describe how you felt when you were coming down with 
some disease, such as measles. What did the doctor do to dis- 
cover what kind of disease you had? 

2. Consult reference books to find what the symptoms: of 
various kinds of diseases are, or ask your doctor what the 
symptoms are. 


Problem 3: 
HOW DO OUR BODIES FIGHT DISEASE? 


OW DO OUR BODIES KEEP OUT GERMS? Think of the 
H countless number of germs we come into contact 
with almost all of the time! Why is it that most of us are 
able to go healthily and happily along, scarcely ever think- 
ing of diseases at all? It is because our bodies protect us 
against the germs that would injure us. 

When we burn or scrape bits of skin from our bodies, 
what is the first thing we do? We do the same thing that 
nature has done for our bodies. We cover the wound with 
some kind of substance to keep germs out. Your entire 
body is covered with a protective layer of skin that keeps 
germs from getting to the more delicate inside parts. 

Most infectious diseases enter our bodies through its 
openings, such as the mouth, nose, and eyes. Even here 
the body has ways of protecting itself. The cilia that line 








Fia. 315. Doctors and nurses are careful to bandage wounds in order 
to keep germs from getting into the wounds and into the delicate 
organs inside our bodies. (Ewing Galloway, N. Y.) 


the air passages to the lungs sweep dust and germs back 
toward the outside (page 394). The sticky liquids given 
out by the cells catch germs, stick them together, and 
help us to get rid of them. Coughing and sneezing help 
to blow dust and liquids containing germs out of our air 
passages. Many germs that get into the stomach are 
killed by the juices in the stomach. Thus, you see, germs 
may have quite a hard time getting into our bodies. 


Self-Testing Exercises 


1. Give three ways in which germs are prevented from 
entering the body. 

2. Suppose you stick a rusty nail in your foot. List the steps 
you would take in treating the wound. Opposite each step of 
the treatment tell why you would do it. 


OW DO WHITE CORPUSCLES FIGHT GERMS? Suppose 
H germs do get into your body through the protective 
covering of the skin or through the mouth or nose. What 
happens in your body then? Whether the germs locate 
! themselves in a break of the skin, in the throat, in the 
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lungs, or in any other part of the body, you still have 
something to help you fight them. As you learned in 
Unit 8, the blood contains many tiny, colorless cells known 
as white corpuscles. When germs get into the body and 
begin to grow, the white corpuscles travel to the place 
where the germs are. These corpuscles then attack the 
germs, kill them, and change them into substances harm- 
less to the body. 

If the body is in good con- 
dition, there will be plenty 
of white corpuscles free to 
attack germs. In this way the 
white corpuscles often keep 
us from having diseases. Up 
to a certain amount, the 
healthy body can also man- 
ufacture more white cor- 
- puscles as they are needed. 
Fic. 316. Red-blood cells and one This usually happens when 
white corpuscle, which is plainly there is some infection in 
visible near the center. the body. One of the tests 
used by physicians is the blood count. In this test the 
physician counts the number of red and white corpuscles 
in a certain amount of blood. If the number of white 
corpuscles is too high, the physician knows that there is 
infection somewhere in the body, because the body is 
manufacturing extra white corpuscles to fight the infection. 

Doctors tell us a very startling fact that shows how the 
white corpuscles protect us. They say that there are very 
few adult people whose lungs do not have some scar 
tussue in them. This scar tissue is caused by tuberculosis 
germs that began their work and were stopped by the 
white corpuscles. Indeed, it seems that our bodies are 
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battle-grounds of a constant warfare between disease 
germs and the white corpuscles. 


Self-Testing Exercises 

1. How do the white corpuscles help the body? 

2. Suppose you are not feeling well. Your doctor makes a 
blood test and tells you that you have more than the usual 
number of white corpuscles. What would this tell you? 


HAT GERM-FIGHTING CHEMICALS DOES THE BODY 

MAKE? In addition to its protection from germs by 
means of a skin covering, tiny hairs in the breathing tubes, 
and white corpuscles, your body has another way of fight- 
ing disease germs. Your body manufactures chemicals that 
help to keep you from having diseases. 

Let us see what these chemicals do to germs. Some of 
the chemicals make it easier for the white corpuscles to 
attack the bacteria. Others cause bacteria to stick to- 
gether in bunches, so that they cannot spread over the 
body. Some chemicals actually kill and dissolve bacteria. 
Other chemicals change the toxins produced by germs 
into harmless substances. These last kinds of chemicals 
are called antitoxins (antt means “‘against,” and, as you 
know, torin means “‘poison’’). 

Most people who have not had scarlet fever take this 
disease when they get some of the germs in their bodies; 
yet it is seldom that a person has the disease a second 
time. Why is this true? Scientists have found that if you 
have scarlet fever, the chemicals produced to fight the 
scarlet-fever germs and toxin remain in your body during 
the rest of your life. Then you are said to be «mmune to 
that disease. Diphtheria, mumps, and measles are other 
diseases that usually leave your body immune after one 
attack. To what diseases are you Immune? 





Fig. 317. Many people take cod-liver or haliver oil, which contain 
large amounts of vitamins, to help keep their bodies in good condition, 
especially in winter, when it is harder to get plenty of sunshine, fresh 
air, and exercise. This test room, used by a manufacturer of fish oils, 
has 1000 cages of rats. The rats are given the oil regularly as a test 
to be sure that the oil has the proper vitamins in it. 


Suppose that you develop fever. The fever is a sign 
that you have some kind of disease germ in your body 
and that your body is fighting to overcome the germs. 
You should recognize fever as a sign that your body is 
fighting disease germs, and you should help it by going 
to bed and keeping quiet. If you exercise and eat foods 
that are hard to digest, then your energy will be used up 
in building new cells’ and in digesting food; therefore your 
body may not be able to make germ-fighting chemicals 
rapidly enough to win the battle against disease. 

Have you ever heard someone say that his body was 
in a “run-down” condition and that he needed to “build 
himself up” for fear he would take some disease? He meant 
that his body had become weakened in some way, and 
that he did not have the extra energy needed to fight 
germs if they got into his body. It is best for you to keep 
in good physical condition at all times, for you never 
know when you may be exposed to germs. Such diseases 
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as pheumonia, tuberculosis, and common colds seem to 
attack our bodies much more easily when we are in a 
“run-down” condition. You can help your body to fight 
these diseases by keeping yourself in good condition all 
of the time, instead of waiting until you are sick to take 
care of yourself. 


Self-Testing Exercises 

1. Explain why it is usually impossible for a person to have 
such a disease as scarlet fever more than once. 

2. List some of the diseases to which people are immune 
after they have had them once. List some of the diseases that 
you can have any number of times. 

3. Have you ever been exposed to a disease, such as a cold, 
but did not take it? Why did you not become ill? 


Problem 4: 
HOW CAN WE HELP OUR BODIES FIGHT DISEASE? 


OW CAN WE MAKE OUR BODIES PRODUCE GERM-FIGHT- 
H ING CHEMICALS? Have you ever been vaccinated for 
smallpox? Was your arm sore afterwards, and were you 
sick from the vaccination? How did this treatment help 
keep you from having the disease? About 150 years ago 
smallpox was a most dreaded disease. There was no known 
cure for it, and it has been estimated that in Europe 
during the eighteenth century one person out of every 
fifty died of smallpox. 

An English doctor, Edward Jenner, noticed that many 
farm girls who milked cows became ill with cowpoz, a 
disease of cattle similar to smallpox. Some of the sub- 
stance from cowpox sores got into the bodies of the girls 
through scratches upon their hands. The cowpox sores 
soon healed, and the girls seemed to be immune to small- 
pox. Jenner used this idea in protecting people against 
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smallpox. He made a small scratch on the skin and placed 
some of the substance from cowpox sores upon the 
scratches. This was the beginning of vaccination (Figure 
303). According to reports, vaccination for smallpox has 
been so successful that in New York City, for example, 
not a single person has died of smallpox since 1932. 

When you are vaccinated against smallpox, a substance 
called vaccine is put into your body by scratching your 
arm or your leg. The cells of your body then begin to 
manufacture chemicals, or antibodies, to fight the vaccine. 
These antibodies stay in your body and make you immune 
to smallpox. The antibodies caused by smallpox vaccina- 
tion remain in the body for about seven years. When the 
body becomes immune by working against poisons and 
producing its own antibodies, as with smallpox, we say 
the body has active immunity. 

OW ARE DISEASE-FIGHTING CHEMICALS MADE OUTSIDE 
H OUR BODIES? With some diseases, however, our 
bodies cannot produce their own disease-fighting chemi- 
cals fast enough. In these cases disease-fighting chemicals 
must. be made outside our bodies and put into them. For 
example, if you should become sick with diphtheria, the 
doctor would put into your blood a liquid that contains 
antitoxin. Diphtheria antitoxin is secured from horses 
whose blood has made protective substances. 

To get antitoxin, diphtheria germs are grown in cultures 
in the laboratory. There germs make toxin, or poison, as 
they grow. The live germs are filtered out of the toxin, 
and the toxin is put into the blood of a healthy horse. 
Every few days a larger dose of toxin is given the horse. 
The blood of the horse makes antitoxins to overcome 
the diphtheria toxins. Then, some of the horse’s blood 
is taken, and the watery part is separated from. it. 
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The watery part contains the anti- 
toxin that is put into our blood 
to help us resist diphtheria. This 
method of protection against dis- 
ease gives our bodies passive im- 
munity. It is called passive immu- 
nity because our bodies do not 
_produce the antitoxins. 

If you take toxin-antitovin treat- 
ment against diphtheria while you 
are still free from the disease, your 
body produces chemicals to fight 
diphtheria germs and their toxins. 
Thus the treatment gives your 
body active immunity. There is a 
test by which you can tell, even 
before you are exposed to diphthe- 
ria, whether you would be likely raneaye oieethy iia one 
to take it. This is the Schick Test, diphtheriae phoidirerad 
discovered only a few years ago by and other diseases. 

Dr. Bela Schick of New York City. 

A very small amount of diphtheria toxin is put under the 
skin of your arm. If a little red spot appears several 
hours later, you will be likely to take diphtheria if you are 
exposed to it. If no red spot appears, you are not likely 
to “catch” the disease. 

When the Schick Test shows positive (a red spot 
appears), you are given the toxin-antitoxin treatment: 
small amounts of diphtheria toxin-antitoxin are put into 
your blood. If you wait until after signs of diphtheria 
appear, you are given only antitoxin to help your body 
fight the disease. And if you wait until the disease has 
fully developed, antitoxin is much less likely to help you. 





Fic. 318. Preparing se- 
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Fic. 319. This graph shows strikingly the decrease in diphtheria 
cases in New York City since 1895 as a result of the toxin-antitoxin 
treatment. In about 1882 there was an epidemic that killed twelve 
children out of every thousand. There were other terrible epidemics in 
1887 and in 1894. Notice what happened to the death rate when the 
use of antitoxin was begun. About when was the diphtheria germ 
discovered? 


You can also take a test to show whether you would be 
likely to take scarlet fever. This test was discovered by 
Dr. George Dick and his wife, Dr. Gladys Dick, of 
Chicago. Treatment consists of toxin and antitoxin that 
are prepared from a horse’s blood. This treatment is very 
successful if it is given in time. The tuberculin test, given 
in a manner similar to the Schick and Dick tests, shows 
whether a person has tuberculosis. 

In addition to immunization against smallpox, diph- 
theria, and scarlet fever, we can be made immune to lock- 
jaw, typhoid fever, cholera, paratyphoid fever, Asiatic 
cholera, bubonic plague, yellow fever, and rabies (caused 
by the bite of a “mad” dog). The treatment varies for 
these different kinds of diseases. In some cases weakened 
or dead germs are put into the body to cause it to make 
antitoxins. In other cases weakened toxins or toxins 
mixed with antitoxins are used. 
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. Self-Testing Exercises 

1. Explain what happened in the blood of the farm girls 
(described in the problem) when they had the cowpox that 
kept them from having smallpox. 

2. What do we mean when we say that the body is immune to 
a disease? To what diseases are you immune? Tell how you be- 
came immune in each case. 


3. What do the Dick and the Schick tests show? 


Problem 5: 


HOW CAN WE HELP PREVENT THE SPREAD OF 
DISEASE GERMS? 


OW ARE GERMS SPREAD? Have you ever had scarlet 
fever, diphtheria, or whooping-cough? Such diseases 
are called infectious diseases, because the germs that cause 
them are easily spread from one person to another. When 
infectious diseases spread rapidly and many people get 
sick, we have an epidemic. Sometimes epidemics kill a 
large per cent of the entire population. The terrible Black 
Death 600 years ago destroyed about one quarter of the 
people of Europe. At least 25,000,000 persons died. More 
recently we have had epidemics in the United States, such 
as yellow fever in 1878, influenza in 1918, and infantile 
paralysis in 1934, 1935, and 1936. 

As scientists have learned more about the causes of 
disease, they have been able to work out ways of checking 
the spread of infectious diseases from one person to 
another. Suppose you pass a friend’s house on the way to 
_ school and see a quarantine sign on the door (Figure 320). 
What does this mean? It means that someone in the 
family has a germ disease, and that the family must 
stay away from others until the danger is over. Our 
bodies are natural living places for many kinds of germs, 
but these germs cannot live outside of the body for any 


length of time. So, in 
order to spread disease, 
germs must be passed to 
well persons directly from 
sick persons. They may 
also be passed from per- 
sons who carry the germs 
in their bodies, but are 
not sick. Such persons are 
called carriers. 

i i Perhaps you have won- 
Fic. 320. What does this diphtheria dered why you were kept 
quarantine sign tell all the persons out of school when you 
who pass or come toythis house? had been exposed to a 
CO EAE HONE SE Nis NE) disease, even though you 
were not sick at the time. Most diseases have a definite 
number of days from the time the germs enter the body 
and begin to grow until the person shows signs of the 
disease. This period is called the incubation period, and 
it varies with different diseases. For diphtheria the incuba- 
tion period is from 1 to 5 days; for whooping-cough, 8 
days; for chicken-pox, 11 to 22 days; for measles, 8 to 15 
days; and for mumps, 15 to 22 days. A person cannot be 
sure, therefore, that he has not caught a disease until the 
period of incubation is over. 

Even after a person has recovered from a disease, he 
still may be a carrier. For this reason the period of quaran- 
tine is usually continued for awhile even after a person has 
recovered. For some diseases, such as diphtheria, the 
health officer usually makes a culture from a person’s 
throat before the quarantine is lifted. The culture shows 
whether there are still disease germs in the person’s body. 
This is done to he certain that the person is not a carrier. 
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Let us see how germs are passed from one person to 
another; then we will know better how to protect our- 
selves and others. When a person is ill, body discharges 
such as saliva, droplets from the nose and throat when 
sneezing, and discharges from intestines and from sores 
all contain germs. Certainly the best way to avoid “catch- 
ing”’ a disease is to keep people who are sick away from 
others. And when we ourselves are sick, we should will- 
ingly stay at home. 

But suppose someone is sick and does not know it? 
How can you protect yourself against such a person? The 
best way is to avoid handling articles that might have 
germs on them. Keep pencils and other objects out of 
your mouth. Do not eat foods after others have bitten 
from them. Use your handkerchief when you sneeze or 
cough. Do not drink from drinking cups that others use. 
Look about you and see what 
other ways you can suggest 
for protecting yourself and 
your classmates. 

Disease germs may be spread 
in foods, such as milk, meat, 
fruit, and vegetables. Dirty 
milk bottles and cans, and 
dirty dairies where unclean 
people do the milking, may 
start typhoid, diphtheria, tu- 
berculosis, and scarlet fever. 
Cows should be tested for tu- 
berculosis. This disease is very 16. 321. By not covering his 

mouth, this sneezing boy not 
semen Dee cattle, and only has bad manners, but he 
milk from a tubercular cow may also spread disease among 
would be almost certain to _ his playmates. 
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spread the disease. Visit a dairy when you have a chance 
and notice the many ways in which milk is kept clean. 
Most dairymen, grocers, fruit-market operators, and 
other persons who sell food to the public are proud of the 
way in which they care for their products. Some methods 
of getting rid of germs and caring for products are 
pasteurization, refrigeration, 
KILL THE TUBERCULAR COW} sterzlization, and fumigation. 
pu Pasteurization means killing 
germs in foods, chiefly milk, 
by heating the food to a 
SHE SPREADS. THIS temperature of 144 degrees 
Fahrenheit and keeping it at 
that temperature for about 
thirty minutes. This amount 
of heat is great enough to 
iisuaeGRIMEMrGrkEES kill germs, but it does not 
THAT COW destroy the value of the 
food. Refrigeration helps 

Fia. 322. This poster has been 
used in a nation-wide war on the P revent the spread of germs 
Pepeeeclaticoe by keeping the temperature 

too low for them to grow. 

Sterilization means killing germs on dishes, doctor’s 
instruments, and other objects by heating these objects in 
boiling water or live steam or by dipping them in chemi- 
cals to kill the germs. Fumigation is a different process. 
When a person has been sick with certain contagious 
diseases, the room where he stayed should be freed from 
germs. This is done by heating some kind of germ-killing 
chemical until it turns into vapor. The vapor gets into all 
parts of the room. It gets into the cracks of the walls and 
on to the furniture and other objects and kills the germs. 
Insects also carry diseases. Malaria is carried by mos- 
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quitoes. Ordinary house-flies carry typhoid germs, chiefly, 
but they may also carry tuberculosis and other germs. 
Fleas, lice, and bedbugs can all carry certain kinds of 
diseases from one person to another. The best ways of 
protection are to destroy the rubbish and filth where such 
insects lay their eggs, to screen our homes, and otherwise 
to keep these pests away 
‘from ourselves and our 
food. 

In addition to the germs 
that live inside our bodies 
and are passed from per- 
son to person, there are 
germs that ordinarily live 
outside the body. When 
these germs get into the 
body through cuts, sores, 
or other breaks in the skin, 
sickness and death often 





Fia. 323. These colonies of disease 
follow. germs grew on a gelatin culture 


Notice what precautions after a fly had been allowed to walk 


a doctor takes with his in- °V® the gelatin. 


struments. Suppose you have a boil that needs lancing. The 
doctor boils his tweezers, needles, and other instruments 
in order to sterilize them, or to kill the germs on them. 
He washes his hands with some kind of germicidal, or 
germ-killing, soap before he goes to work, and sometimes 
he even wears sterilized rubber gloves. He bathes the boil 
with a chemical to kill the germs that are on the skin 
around the boil. After he has drained the pus from the 
boil, he puts some antiseptic into the wound. An antiseptic 
is a chemical that prevents the growth of germs. Then 
he makes a neat bandage of sterilized gauze to keep out 


any new germs that might 
get into the wound. 

If doctors are so care- 
ful to avoid’ infections 
when it is necessary to 
break open the © skin, 
surely we can paint cuts 
and scratches with iodine, 
mercurochrome, or some 
other good antiseptic that 
the doctor recommends, 





Fic. 324. Sterilizing surgical instru- 
ments in a large hospital in New 


York City (Ewing Galloway, N. Y.) and put clean bandages 
over them. 


Self-Testing Exercises 


1. Is this statement true? A person sick with a contagious 
disease is a carrier of that disease, but a carrier of a contagious 
disease does not have to be a sick person. Explain. 

2. Make a list of the ways in which disease germs may be 
passed from one person to another. For each item in your list 
tell how this transfer of germs can be avoided. 

3. List as many ways as you can to keep germs from getting 
from sick people to well people. 

4. ‘Tell how to keep germs from getting into your body 
through a broken place in the skin. 


Problems to Solve 


1. With the aid of your class, make a list of all the diseases 
that your classmates have had during the year. For which of 
these should people be quarantined? 

2. Make a list of ways in which disease epidemics could be 
started in your community. Opposite each item in this list tell 
what your community does to prevent epidemics. 

3. In reference books read about plagues that have swept 
over parts of the world at various times in history. 
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Fic. 325. One of the greatest aids to preventive medicine is the X-ray 
machine. The rays of this machine can go through the human body 
and make a photographic plate of the organs, the flesh, and the bones. 
This photograph enables the doctor to discover some diseases in their 
earliest stages, when they can be cured more easily. 


HAT IS PREVENTIVE MEDICINE? Does it seem strange 

\¢ that in some countries people used to pay doctors 
to keep them well? People did not wait until they were sick 
to send for a doctor. They paid doctors to tell them how 
to keep from having diseases. People are coming to realize 
that this was a good practice; so today we are learning to 
keep diseases from getting started, instead of waiting 
until we are sick and then running the risk of not being 
able to be cured. Such practice is called preventive medicine. 
How does preventive medicine work? As you have 
learned, the body can resist diseases better when it is in 
good condition. You can go to a reliable doctor at least 
once a year to find out whether your body is working 
properly. If you find that you have bad teeth, bad tonsils, 
or other defects, you can have these treated before they 
injure some vital organ of your body, such as the heart or 
lungs. You can get plenty of sleep, eat the right kind of 
foods, play in the fresh air and sunshine as much as pos- 
sible, and keep your body clean. When you do these things, 
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you are at least giving 
your body a chance to do 
its work well. Of course, 
if you become ill with a 
disease, you should call a 
good doctor as soon as 
possible and do as he says. 
A good doctor follows 
the best practices of the 
medical profession and 
oS does not advertise quick 
Fic. 326. In New York City the Cures or depend upon pa- 
Department of Health carriesonthe tent medicines. He suits 


fight against mosquitoes from spring the treatment of each dis- 
until frost comes by pouring oil on 


the water where they breed. The oi] ©@Se€ to the needs of the 
smothers the larvae, that hatch from person he is treating. 


eggs laid in stagnant water. (Ewing What are some other 
Gpuloma ya Ni ie) good health habits that 
you can have? You can think straight about your health 
problems instead of worrying about yourself. You can be 
willing to change your opinions about health matters as 
new discoveries are made. You can select wisely the 
doctors to whom you go so that you can have confidence 
in them. Having confidence that you will win when you 
and the doctors are following the best practices will help 
you and your community in the fight against disease. 

What has just been said about preventive medicine 
helps each of us as individuals, but that is not enough. 
We must be willing to work with others in securing health- 
ful conditions for our community. If our neighbor is care- 
ful in his health habits, while we are careless and expose 
him to diseases that we have taken, we undo all the good 
that he has done. 
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We can learn to work together to rid our homes first, 
and then our communities, of insect pests, such as flies 
and mosquitoes. We can do this by draining wet places, 
cleaning up filth that provides breeding places for such 
insects, and screening our buildings. We must be willing 
to have ourselves vaccinated against infectious diseases, 
and we must be honest in obeying quarantine rules when 
we have an infectious disease. We can insist that our food 
and water supplies be protected from germs and from the 
insects that carry germs. 


Self-Testing Exercises 

1. What practices of preventive medicine do you follow 
regularly? 

2. List the practices of preventive medicine that you should, 
but do not, follow. 

3. Make a list of ways in which people of your community 
work together to make it a healthful place in which to live. 
Suggest other ways that would help. 


LOOKING BACK AT UNIT 8 


1. Answer the following questions, using a paragraph of 
at least one-third of a page for each question. Work with 
your book closed. 

a) What kinds of plants and animals cause disease? 

b) How do germs make us sick? 

c) How does your body protect itself against disease germs? 
d) How can we help our bodies fight disease? 

e) How can we help to prevent the spread of disease germs? 

2. Show that you know the meaning of each of these words. 


cilva carrier actwe immunity antiseptic 
toxin antitoxin passwe immunity — fumigation 
vaccine vaccination encubation period pasteurization 
eprdemic symptom infectious disease stervlization 


coccus bacillus organic disease sprrillum 
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ADDITIONAL EXERCISES 


1. Find the difference between certified and pasteurized milk. 
Which is more expensive? Why? 

2. Learn how milk is pasteurized. Pasteurize a sample of 
milk and compare it with a sample of raw milk. Which spoils 
the quicker? 

3. ‘To find what a germicide does, ask your teacher to put 
three drops of mercuric-chloride solution into a test-tube of 
milk. Label the test-tube ‘‘poison.’’ Smell the milk in the tube 
after several days. Has it curdled or soured? Keep a second 
test-tube of milk with the first one, but put no mercuric 
chloride into it. How does it act? Explain the difference. (Norn: 
Do not attempt this exercise except under the careful direction of 
your teacher.) 

4. Does weather have any effect upon disease? Keep a record 
of the number of days missed from school by the members of 
your class on account of sickness. Make this into a graph. 
During what months were there the most absences? What kind 
of weather generally prevails in your locality during these 
months? | 

5. Examine a fly’s foot under the low-powered lens of a 
microscope. Does this help to explain why the fly is a carrier 
of disease germs? 

6. Find how the following men helped in the fight against 
disease germs: Edward Jenner, Robert Koch, Joseph Lister, 
Louis Pasteur, and Walter Reed. 

7. In reference books find graphs for other diseases, like the 
one for diphtheria on page 426. Or get the figures from health re- 
ports for your county, city, or state and make graphs for your 
class. What do they show? 








Fig. 327. This baby gorilla was born in a zoo. Every day he is weighed 
to be sure that he is growing as a young gorilla should grow. If you 
had charge of the animals in a zoo, you would have to know much 
about how animals are born and how they grow to full size. But zoo- 
keepers are not the only ones who have to know how life continues on 
the earth. Farmers, gardeners, and greenhouse keepers must under- 
stand how plants and animals are reproduced. In this unit you will 
learn the important things that scientists have learned about the 
reproduction and growth of living things. 


UNIT TEN 


UNIT 10 


HOW DOES LIFE CONTINUE 
ON THE EARTH? 


INTRODUCTORY EXERCISES 


*1. What is a cell? 
*2. What are the parts of a cell? | 

3. Name as many different ways of producing new 
plants as you can. | 

4. (a) Make a list of animals that lay eggs. (b) Do 
baby rabbits come from eggs? Explain. 

5. Compare the parts of a bean seed with the parts of 
a hen’s egg. What parts are alike? What parts are dif- 
ferent? 

6. Find how much you weighed when you were born. 
How much do you weigh now? What is your average gain 
in weight a year? 7 

7. Make a list of changes that have occurred in you 
from the time you were a baby until now. You already 
know one change. Add others to the list. Example: (1) I 
have gained in weight from ____... DOUNGS lO; pounds. 

8. Make a list of changes in some plant that you have 
watched grow. Example: (1) Seeds develop roots and 
stems. Add as many other changes as you can. 

*9. How do green plants make food? 

*10. What do root-hairs do for a plant? 

*11. How do food-making materials and food travel from 
one part of a plant to other parts? 

12. Many animals increase in size at about the same 
rate during different seasons of the year. Is the same true 
of plants? Tell why you believe your answer is correct. 
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Fic. 328. All living things are made from other living things. The 
mother turtle laid soft-shelled eggs in a hole she dug in the soil near 
a stream or pond. Inside the eggs the little turtles began to grow. 
In a few weeks they hatched. 


LOOKING AHEAD TO UNIT 10 


ID YOU EVER watch a pair of robins build a nest? 
It was an interesting sight, wasn’t it? When the nest 
was completed, the mother laid eggs and kept them warm 
with her body. In about two weeks young birds were in 
the nest. The little birds had no feathers, and they 
scarcely looked like birds. But they grew fast. Soon they 
learned to fly and search for their own food. By that time 
they were as large as their parents. It hardly seemed pos- 
sible that so much could have happened to them in such a 
short time. There are many wonderful stories of science 
and of what scientists have learned. But the most inter- 
esting and wonderful of all is the story of how plants and 
animals start their lives and how they grow. 

People in the past have had curious ideas as to how liv- 
ing things come into being. Only 250 years ago most 
people believed the theory of spontaneous generation. This 
is the theory that living things grow out of non-living 
matter. Some examples will make it clear to you. You 
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have heard how ancient people believed that frogs de- 
velop from mud in the bottom of ponds. Ancient Greeks 
and Romans believed that bees develop from decaying 
horse flesh and that scorpions come from decaying crab 
meat. More recent stories tell us that horsehairs put into 
water develop into long, hair-like worms. There are still 
people who believe that mosquitoes just grow from stag- 
nant water in ponds. 

Over 200 years ago an Italian scientist, Francesco Redi, 
doubted the theory of spontaneous generation. So he 
worked out an experiment to help him find the truth. At 
that time one of the common ideas was that flies develop 
from decaying flesh. People thought this because they so 
often saw fly maggots on decaying meat. Redi put some 
meat into a clean jar and covered the mouth of the jar 
with gauze to keep the flies out. 
The flies were attracted to the meat 
but could not get to it. So they 
laid their eggs on the gauze. The 
result was that maggots hatched 
on the gauze, but none came from 
the meat. This showed that mag- 
gots develop from eggs laid by flies, 
and not from meat. 

Every year countless new plants 
and animals appear on the earth. 
So far as we know now, all these 
Sones f new living things come from other 
Fia. 329. We enjoy flow- living things; that is, alk living 
ers for their beauty, but things come from a parent or from 
they are so important . . 
vera cecs sabato feayeihl parents. The process in which new 
not go on living without living things are created is called 
them. Do youknow why? reproduction. One of your problems 
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in this unit is to discover how 
new plants and animals are 
produced. 

Every living thing sooner or 
later dies. Some live for hun- 
dreds of years, while others 
live but afew minutes or hours. 
Without reproduction, there- 
fore, living things would soon 
disappear from the earth. But 
reproduction is not the whole 
story. Living things must be 
able to grow; that is, they 
must be able to increase in 
size. Many changes must take 
place m the individual Plant Fie. 330. About twelve years 
or animal while it is growing ago you looked like this baby. 
into an organism like its par- What happened in your body 
ent or parents. An egg, a seed, to make you grow up to your 
and a spore each has in it the Present sizet 
beginning of a new individual. But this new individual 
is not a completed living thing until growth takes place. 

We are so used to seeing things grow that we do not pay 
much attention to what is happening to them. We know 
that if all goes well, a tiny pup will some day be a grown 
dog, and a morning-glory seed will grow into a big vine. 
If we really stop to think how these living things change as 
they grow up, it all seems like magic. But you know from 
your study of science that things do not happen by magic. 
Scientists know what happens when living things grow. 
You, too, will know when you have studied this unit. 

Perhaps you think that it is not important to learn how 
things grow—that if we leave them alone, they will ‘just 
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erow anyway. To a certain extent this is true. But if 
farmers can make their animals and plants grow faster 
and larger, they can make more money. Therefore they 
want to know what the scientist has discovered about 
growth. Doctors and nurses think it is important to know 
about growth. Then they can help people keep well and 
help boys and girls grow into healthy men and women. 
Your mother thinks so, too. She often asks, ““Have you 
drunk your milk? Have you eaten your vegetables?” She 
does this because she wants you to eat food that will help 
you to grow. | 


Problem 1: 


WHAT ARE SOME OF THE WAYS IN WHICH 
LIVING THINGS REPRODUCE? 


EFORE You study this problem, you will need to recall 
B some of the things you learned in science last year. 
You learned that the bodies of all living things are made 
of cells. The bodies of simple things, an amoeba, for ex- 
ample, are made of only one cell. The bodies of more 
complex plants and animals, like trees and yourself, are 
made of millions of cells. 

You will recall, too, that the living material in each cell 
‘1s protoplasm. In the protoplasm is a denser part, called 
the nucleus. The nucleus controls the growth and the 
other activities of the cell. Without a nucleus, a cell cannot 
live long. Neither can it produce other cells. Since you 
know about cells, you can understand what happens when 
the cells of living things produce new living things. 

HAT IS THE SIMPLEST WAY IN WHICH PLANTS AND 

\¢ ANIMALS REPRODUCE? Look at a prepared micro- 
scope slide of a one-celled animal dividing, or study Figure 
331. One of the simplest ways in which one-celled plants 
and animals reproduce is by dividing. When one of these 
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tiny living things begins to divide, its nucleus separates 
into two parts. Then the protoplasm separates into two 
parts, with one nucleus in each part, and there are two 
complete organisms instead of one. 
Of course, the two individuals 
are only half as large as the original 
animal or plant was. So they grow 
‘until they are about as large as 
their kind gets to be. Then each 
one divides again, and there are 
four individuals. This kind of re- 
production is called fission. 


EXPERIMENT 51. How Do the Sim- 
plest Plants Reproduce? Scrape some of 
the green, powdery material from the : 
bark of a tree. It usually grows on the cm D 
north side of the trunk. Put the ma- Fra. 331. How the one- 
terial on a glass slide in a drop of celled amoeba is “born.” 
water and examine it with a micro- From the single amoeba 

: (A) have come two new 
scope. Can you find any single cells? oe SebReeD tee 
Do you find any of the cells stuck to- 
gether in groups of two or more? Make a sketch of some of these 
cells. How do you think these groups were formed? 





The material you saw through the 
microscope was a number of very sim- 
ple plants known as Pleurococcus (Fig- 
ure 332). Each cell was a whole plant. 
Sometimes, after a plant has divided, 
the new plants stick together in a 
group, or colony. Pleurococcus is a 
Fie. 332. Pleurococ-  pJant that reproduces by fission, much 


s th . : 
cus plants, as they ike the amoeba. Many other micro- 
look when they are : 


highly magnified scopic plants reproduce in this man- 
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ner. For example, bacteria and other germs, which you 
studied in Unit 9, reproduce by fission when they get into 
a person’s body. No one knows exactly what makes these 
simple plants and animals suddenly begin to divide and 
produce new organisms. | 

But only the simplest kinds of plants and animals re- 
produce by fission. Higher animals, such as earthworms, 
reptiles, birds, and mammals, and higher plants, such as 
beans and grass, reproduce in more complicated ways. 
You will learn about some of these later in this unit. 


Self-Testing Exercises 

1. What is protoplasm? 

2. What is a nucleus? 

3. Use a piece of modeling clay to represent a one-celled plant 
or animal. Show how the plant or animal reproduces. 

4. How many amoebas will be produced from a single amoeba 
after ten divisions have taken place? 

OW DO SPORES HELP PLANTS REPRODUCE? Did you 
H ever squeeze a dried pufftball, or Devil’s snuff box, 
as it is sometimes called? If you have, you saw powdery, 
dust-like material come from the puffball. Each little 
piece of dust was really a spore, and each of the spores 
could produce a new plant. Spores are really small cells 
that can start new plants. Each spore usually has a thick 
coat and contains some stored food. But spores are not 
at all like seeds, as you will learn later in the unit. 

Many other kinds of plants reproduce by means of 
spores. Mushrooms and bread mold are two examples. 
Experiment 52 will show you how bread mold reproduces. 

EXPERIMENT 52. How Does the Bread Mold Reproduce? 
(a) Moisten a piece of bread and leave it exposed to the air 
for an hour. Then lay the bread on a wet blotter in a dish. 
Cover the dish and put it in a warm place. Watch the bread 
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for several days. Be sure to keep the blotter wet. What happens 
to the bread? Examine it every day with a hand-lens. Note any 
tiny dark balls (spore cases) that form on the white, hair-like 
threads of the mold. 

b) Dust some of the dark 
bodies on to a clean piece 
of fresh, moist bread. Put 
the bread on a wet blotter 
and care for it as you did 
before. Watch it for several 
days. What happens? 

c) Dust some of the dark 
bodies on to a piece of old, 
dry bread. Put the bread in 
a dish, cover it, and keep it 
dry. Do the spores grow? 


What condition is neces- Fic. 333. How bread mold looks 
under a low-power microscope 





sary for spores to grow? 


Soon after you started the experiment, you probably 
saw a hairy mass of thread-like material form on the bread. 
This material, the myceliwm, was the body of the bread 
mold. When you examined it with a hand-lens, it prob- 
ably looked like threads with many branches. Part of the 
mycelium grew into the bread to get food. Part of it spread 
out over the top of the bread. However, as you watched 
the mold, it did not divide to form a new mold. Something 
much more interesting happened. Tiny white balls ap- 
peared on the ends of some of the branches (Figure 333). 
About a day later, you found that these balls turned black, 
as shown in Figure 334. 

If you could have examined these balls under a high- 
power microscope while this change was going on, you 
would have seen that the protoplasm in the ball divided 
into hundreds of small bits of protoplasm. Each of these 
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bits of protoplasm was surrounded by a cell wall and con- 
tained a nucleus. Each one is a spore. Soon the spore case 
breaks open, and the tiny spores are scattered through the 
air. Kach spore can grow into a new plant. You can see 
that by making spores each plant may reproduce thou- 
sands of other individuals like itself. Mosses and ferns are 
other kinds of plants that re- 
produce themselves by means 
of spores (Figure 335). 

Perhaps you have been won- 
dering, ““Why should I learn 
how these tiny living things 
reproduce?”’ We need to know 
how these simpler plants and 
animals reproduce so that we 
can keep them from growing 
when we do not want them, 
as you learned in Unit 9 and will also learn in Unit 11. 
Also, some of these simpler organisms are helpful, and we 
want to make them grow when we need them. Further- 
more, if you learn how these simple living things repro- 
duce, you can better understand the more complicated 
methods of reproduction. 

You have already learned several things about repro- 
duction: (1) Each kind of living thing has a method of 
reproducing itself. (2) The methods by which living things 
reproduce vary. (3) Some simple plants and animals 
merely divide to produce two individuals. (4) Some simple 
living things reproduce by means of spores. (5) In both 
of these methods of reproduction—fission and reproduc- 
tion by spores—there is a separation of protoplasm in the 
parent organism, and each bit of separated protoplasm 
can grow into a new individual. 





> Z. 
Fic. 334. Spore cases of bread 
mold under the microscope 
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1. What are spores? Give the answer in your own words. 
2. Describe the appearance of mycelium and spore cases of 
bread mold. What does each part do for the plant? 


Problems to Solve 


1. Use some good reference book and - 
make a list of spore-bearing plants that 
are not mentioned in this textbook. 

2. Examine the under side of the leafy 
parts of ferns to locate any spore cases 
that may be there. 

3. How does reproduction by spores 
differ from reproduction by simple fis- 
sion? How are the two methods alike? 

4. How can you keep bread so that 
bread mold will not start to grow on it? 


OW DO PLANTS REPRODUCE FROM 
H PARTS OF THEIR BODIES? This 
part of the unit probably is not new 
to you, for you have often seen people 
grow new plants from parts of plants. 





Fig. 335. The lighter 
spots on the fern leaves 
Did you ever see a pussy-willow are clusters of spore 


branch kept in water in the early cases. They fall to the 


ground to make new 
fern plants. 


spring? If it was kept there long 
enough, roots began to develop on 
the end of the branch that was under water. Many people 
plant these rooted branches out-of-doors in moist places, 
and they continue growing until they are mature trees. 


Experiment 53. How Can New Plants Be Reproduced from 
Parts of Plants? If you do this experiment carefully, you can 
see new plants grow from parts of old plants. 

a) Secure some pussy-willow branches. Keep them in water 
until they have rooted, as suggested above. 


448 SCIENCE PROBLEMS, BOOK TWO 


b) Put a long, slender sweet potato in a wide-mouthed bottle 
of water. The bulge in the potato will make it stick in the bottle 
so that one end will be in the water and the other end in the air. 
Watch to see what happens. 

c) Cut several pieces of geranium stalk about four inches long. 
Remove all of the leaves except two or three at the top. Bury 
the stems in wet sand, but let the leaves 
and about an inch of each stem be above 
the sand. Keep the sand moist and watch 
what happens (Figure 336). 

d) Break several begonia leaves from a 
healthy plant. Bury about half of each leaf 
containing the broken end in wet sand. 
Watch to see what happens. If you can get 
a leaf of Bryophyllum from a florist, lay the 
whole leaf in a shallow dish of water or on 
Fic. 336 ' moist sand. Keep it there for several weeks, 

watching what happens. 

e) Cut an Irish potato into large pieces. Be sure that each 
piece contains an “eye,” or bud. Plant the pieces in moist soil. 

f) Secure some onions or other kinds of bulbs that have 
produced new bulbs. You can tell when this happens because 
the plants will be growing together in bunches. The original 
bulb has already produced the cluster of small bulbs that sur- 
rounds it. Examine these carefully. 





Experiments like the ones you have done show more 
clearly than anyone could tell you how parts of plants 
grow into complete new plants. In each case one part of 
the plant, such as the root, leaf, or stem, was able to grow 
the parts of the plant that were missing. Scientists have a 
special name for this process of reproduction. They call it 
regeneration. 

Strangely enough, some animals can reproduce by 
regeneration. A starfish, for example, has five arms. Oyster 
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fishermen used to cut the starfish to pieces when they 
caught them, because starfish eat oysters. However, much 
to the fishermen’s surprise, the number of starfish in- 
creased, no matter how many were cut up. This puzzling 
situation was explained when the fishermen discovered 
that each arm of the starfish could regenerate the missing 
parts. Each arm thus pro- 
. duced a new starfish. 

The fact that plants can 
reproduce from their parts 
is not always helpful. 
Sometimes people chop or 
plow undesirable grasses Cae 
from their fields or lawns, 5G 
only to, find, that the 
grasses spread all over the Fic. 337. Rhizome of a_ plant 
Pree G@oteanclinds. of called ‘“‘solomon’s seal”’ 
grasses have underground stems known as rhizomes (Fig- 
ure 337). When the field is cultivated, these stems are 
broken up into many parts and scattered. Each part 
grows into a new plant, and the field becomes grassier 
or more covered with weeds than ever. 

In Experiment 53 you saw the sweet potato in water 
put out roots and probably leaves. It began to grow into a 
complete plant. This kind of potato is really only a root 
that contains much stored food. Farmers and gardeners 
plant sweet potatoes in the soil and get many new plants 
from each one. Then the new plants are broken off the 
potato and are planted in the fields where they are to 
grow and produce more potatoes. 

Many kinds of flowers, such as geraniums, are started 
by planting parts of the vines or stems. You understand 
how this works from watching the cuttings of the ger- 
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aniums you planted in the experiment. In preparing a 
cutting you must be sure to get a piece of the stem with 
some nodes on it (places where the leaves and buds grow). 
Some of the leaves have to be left on the top end of the 
cutting to make it grow. Many nurseries sell cuttings 
of certain plants instead of 
selling the seeds of these 
plants. 

White, or Irish, potatoes, 
which are short, fleshy, un- 
derground stems, contain 
much stored food. On the 
surface of these potatoes are 
“eyes,” or buds. Each of 
these buds can start a new 
plant. As in the experiment, 
the potatoes are cut into 
pieces, each containing. a 
new bud. When a piece of 
: 2 the potato is put into the 
Fic. 338. Roots and stems have ground, a new plant begins 
sprouted from the “eyes,” or to grow from a bud, while 
buds, of this potato. ; ahi 

the piece of potato provides 
food until the new plant develops roots and leaves by 
which it can manufacture its own food. 

Strawberries and other plants grow runners, or stolons, 
that lie along the top of the ground. These stolons have 
nodes, just as ordinary stems do. Where the nodes of these 
stolons touch the ground, new roots, stems, and leaves 
develop, and thus a new strawberry plant begins to grow. 
Have you ever heard the old saying that a field of straw- 
berries will ““keep themselves planted’? Now you know 
how the strawberry plants ‘“‘plant themselves.” 
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Fic. 339. You can see the stolon extending like a string from plant to 
plant. At one node only roots have grown. Later, leaves will grow up 
at that place, and a new plant will have developed. 


One of the strangest ways of reproduction is found in a 
tropical plant known as Bryophyllum. When a leaf falls 
from this plant and lies on the moist ground, new plants 
grow from buds that form in notches in the edges of the 
leaves. In Experiment 53 you probably saw a cut begonia 
leaf do the same thing. A new plant began to grow from a 
part of the leaf. 

The methods of reproduction that you have studied so 
far—simple fission, spore formation, and regeneration of 
missing parts—are all alike in one way. You can see that 
in each case a new organism or new organisms are pro- 
duced from some part of an old organism. If conditions 
are right, the part of the old organism grows into a new 
organism, and the number of living things is increased. 


Self-Testing Exercises 


1. What happens when reproduction takes place by the proc- 
ess of regeneration? 

2. How is reproduction by regeneration like reproduction 
by fission or by spores? How is it different? 
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3. What plants that are familiar to you reproduce by means 
of regeneration? | 

4. Name a plant that can do each of the following things: 
a) Grow new stems and leaves from a root. 
b) Grow new stems, roots, and leaves from a leaf. 
c) Grow new leaves and roots from a stem. 

5. What is the difference between rhizomes and stolons? 


Problems to Solve 


1. How is reproduction by regeneration useful to man? 
How is it harmful to man? 

2. Why must cuttings have nodes to start growing? 

3. Make a list of vegetables in your locality that can repro- 
duce by means of regeneration. Opposite the name of each 
plant, write the name of the part that is used in the process, 
thus, rhizome, stolon, ete. 


OW DO PLANTS MAKE SEEDS? Some people think that 
H the main purpose of flowers is to make our homes and 
gardens beautiful. But flowers have a much more im- 
portant use than this. They are the parts of the plant that 
produce seeds. Each seed contains a tiny plant that can 
grow into a new plant. Let us see how flowers produce 
seeds with new plants inside them. 


EXPERIMENT 54. How Do Flowers Produce Seeds? Get a large 
flower, such as a lily or a primrose, and take it apart. Lay each 
different kind of part by itself, so that you can label the parts 
and learn their use. If the flower is a primrose, the green outer 
parts will be the sepals. 

Next remove the petals. Then remove the stamens. Look at 
Figure 340 for help in locating these parts. What is left will be 
the pistil, growing on a part of the stem called the receptacle, or 
holder. Put the pistil in a separate place. 


If you found all the parts of the flower, you are now 
ready to go on with your study. The sepals and petals, 


STAMEN 
PISTIL 


‘RECEPTACLE 





Fig. 340. This is a picture of an accurate wax model of the parts of a 
morning-glory flower. Two different views of the ovary, or seed con- 
tainer, are shown. At the right it is shown cut in two crosswise. 


which are the showy parts of the flower, protect the deli- 
cate parts inside their flower. Some flowers do not even 
have sepals or petals. They can make seeds just as well 
without them; so we will not consider these parts further 
here. But the next parts you removed from the flower, 
the stamens and the pistil, were very important. Flowers 
cannot make seeds unless they have stamens and pistils. 
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The stamens are the male parts of the flower. They con- 
sist of little knobs (anthers) with yellow dust-like par- 
ticles in them. The anthers are supported by slender stems 
called filaments. Examine an anther with a hand-lens. 
The yellow, dust-like particles are pollen grains. These 
pollen grains were formed by the division of cells in the 
anther. Sprinkle some pollen grains on a sheet of dark 
paper and examine them with a magnifier, or put them 
on a piece of glass and use a microscope. Examine the 
grains of other flowers (Figure 341). 

The pistil is the female part of the plant. When a flower 
is mature, pollen grains are scattered from the anthers 
into the air. Some of these grains fall on the sticky tip of 
the pistil. This tip is known 
as the stigma. When a pol- 
len grain falls on a stigma, 
the grain absorbs moisture, 
swells, and breaks its outer 
covering. Then a tube, known 
as the pollen tube, grows out 
of the pollen grain and down 
through the style. The style 
is the part of the pistil be- 
tween the stigma and the 


Fic. 341. Highly magnified pol- ovary, or the seed container 
len grains. The large ones are (Figure 340). 


from the marsh-mallow. The . : 
smaller ones are from the dahlia. While the p ollen tube : 
growing, something else is 


happening inside it. A male, or sperm, nucleus is developing. 
In the ovary are one or several little rounded bodies called 
ovules. Inside each ovule an egg, or female cell, has been 
developing. The pollen tube grows down through the style 
until it reaches an egg in an ovule. Then the sperm nucleus 
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that had developed in | 
the pollen goes into the fhe <-—-STAMEN 
egg and unites with the AY tek Ce 
nucleus of the egg. This 
uniting of the nuclei of ay 
two cells is called fertili- wg wane 
zation. Fertilization oc- , 
curs when an egg and | 
a sperm cell unite and EMBRYO. 
Hie se) SAC 

start a new individual. 

After an egg cell has 
been fertilized, it be- 
gins to divide and make 


ae cells. Asa result of Fia. 342. If you can explain this pic- 
this cell division, a seed ture, you understand how fertilization 


is produced. Let us now _ occurs in plants so that they can make 
examine some seeds to ‘Seeds. (The egg cell is formed inside 


: : the embryo sac. 
discover their parts. sgmeruoisday 


POLLEN 
STIGMA 





EXPERIMENT 55. What Different Parts Do Seeds Have? Soak a 
handful of large dried lima beans and a handful of dried corn 
for about twenty-four hours. 

a) Take a lima bean apart carefully. Lay the parts in a row 
on a sheet of paper so that you can label them. Notice the heavy 
seed coat that protects the embryo, or young plant. 

b) To see the parts of a corn seed, lay a soaked grain flat on 
a board and cut it lengthwise from top to bottom. Use a safety- 
razor blade or a very sharp knife and be sure to cut exactly 
through the middle. Find the seed coat, the oily embryo with 
a tiny leaf and root, and the store of starchy food outside the 
embryo. Cut another grain crosswise. Does the corn grain have 
two separate halves as the bean does? 


If you studied your bean and your corn grain with care, 
you discovered that each had a protective coat and an 





Fia. 343. At the left are the two cotyledons of a bean seed. Next to it is 
a corn seed. At the right is a corn seed sliced lengthwise. In the uncut 
corn seed notice the shallow depression at the center. This is the tiny 
plant ready to grow (see Figure 344). 


embryo. The embryo, or young plant, grew from the ferti- 
lized egg in the ovule. The seed-coat is the case that held 
the egg. A seed from any plant has these two parts. Some 
seeds, like the corn grain, have another part that contains 

a store of extra food. 

You probably found that the embryo bean plant was 
made of several different parts. It had two large, hard 
parts that occupied almost all of the space in the seed. 
These were cotyledons. The cotyledons were filled with 
food for the young plant. Possibly there were several very 
tiny leaves at the growing tip of the young plant. A tiny 
stalk and a tiny root tip, that had 
scarcely begun to grow, completed 
the embryo. The corn seed was 
shghtly different from the bean seed. 
On one side you found a shallow 
groove. This is the place where the 
young plant starts growing. 

When you cut the grain length- 
wise, you probably found a tiny 
pointed leaf and root just beneath 
the groove. The root was pointed 
toward the sharp end of the grain. . 
The oily part of the grain is the pyg 344. Diagram fat 
single cotyledon of the corn seed. the inside of a corn seed 
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Ready 
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Around this oily part you found an even larger part filled 
with stored starch. 

Cotyledons and other parts of seeds contain different 
kinds of food substances, such as starch, sugars, fats, and 
proteins. These stored substances provide food for the 
embryo when it starts growing again. They make the 
corn, beans, and peanuts that you eat taste good, and 
_ they furnish you with materials for energy and growth. 

The number of cotyledons an 
embryo has helps botanists (peo- 
ple who study plants) classify 
plants. Plants whose embryos 
have two cotyledons are called 
dicotyledonous plants, and plants 
whose embryos have only one 
cotyledon are called monocoty- 
ledonous plants. Scientists often 
speak of these plants as dicots 
and monocots (mono means one, : ¥ 
egy O Fic. 345. At the left are the 

But not all plants bear perfect Piscewillowmiow erent 
flowers. Perhaps you have no- bear seeds. At the right are 
ticed that all cottonwood trees the pussy-willow flowers 
do not bear the “cotton” that that produce pollen. 
carries the seed. Early in the spring some cottonwood 
trees bear long, red catkins. These catkins have stamens 
but no pistils. Other cottonwood trees bear pistils but no 
stamens. Pollen from one tree is carried by the wind to the 
stigmas of the pistils on another tree. The cotton and 
seeds are developed on this tree. Flowers that do not 
have both the male and female parts are known as imper- 
fect flowers. Pussy-willows and cat-tails are two more 
examples of imperfect flowers. 
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Fic. 346. When you have completed your study of seed-making by 
plants, you should be able to explain this diagram fully. Use the 
diagram to check your understanding of how plants make seeds. 


Some perfect flowers, like those of wheat and sweet peas, 
have a covering over stamens and pistils. No pollen can 
escape from a flower of this kind, and no pollen from 
another plant can get in. So these kinds of flowers must 
provide their own pollen. When pollen from a flower falls 
on the stigma of the same flower, we say that self-pollina- 
tion has taken place. Figure 346 will help make this clear 
to you. Even many kinds of flowers that do not have a 
covering over the stamens and pistils are able to pollinate 
themselves. 

Often the pollen from a flower of one plant gets on the 
stigma of a flower from another plant of the same kind. 
Cross-pollination has then occurred. Cross-pollination is 
the only way in which plants with imperfect flowers can 
be pollinated. Many flowers are formed so that insects or 
wind will be almost certain to carry pollen from one 
flower to another. In many kinds of plants cross-pollina- 
tion produces better seeds and therefore better plants. You 
will learn more about this in your later study. 


Self-Testing Exercises 
1. Name the parts of flowers that are actually necessary for 
reproduction. Name the parts that are not necessary. 
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2. Tell in your own words what happens in a flower that pro- 
duces a seed. Name the flower parts that are used and tell the 
steps from the production of pollen to the production of seed. 

3. Make diagrams of your own to show (1) how self-pollina- 
tion occurs, and (2) how cross-pollination occurs. Compare 
them with Figure 346 to see if you are correct. 

4. What is a seed? 

5. What part of a seed helps botanists to classify plants into 
groups? Explain. 


Problems to Solve 
1. How are seeds like spores? How are they different? If you 
do not remember about spores, read pages 444-446. 
2. Find in some good reference book the different ways in 
which flowers are cross-pollinated. Make a list of these ways. 
3. Explain how insects help to pollinate flowers. Look in the 
encyclopedia and find why certain kinds of figs, clover, and 
yuccas could not reproduce if it were not for the help of certain 
kinds of insects. 
4. Open the ovaries of several kinds of flowers to find how 
many seeds each can produce and how the seeds are arranged. 
5. Watch such flowers as nasturtium, snapdragon, sweet pea, 
gladiolus, and clover to find how many insects and what kinds 
of insects visit them. Discover how those insects carry pollen 
from one flower to another and thus help to bring about cross- 
pollination. 
OW DO HIGHER ANIMALS REPRODUCE? Have you noticed 
during the study of this unit that reproduction in 
plants and animals is much alike? In one-celled plants and 
one-celled animals new individuals are usually produced 
by simple cell division. As you progressed in your study 
from lower to higher living things, the process of reproduc- 
tion became more complicated. You found that some 
plants, the lily, for example, have both male and female 
parts in the same flower. Some kinds of animals, too, have 


460 SCIENCE PROBLEMS, BOOK TWO 


both male and female parts in the same individual. Earth- 
worms and some kinds of snails are good examples of 
animals of this kind. Other kinds of animals have the male 
and female parts in different individuals, just as willow 
trees have. 

Your study of this unit was so planned that you began 
with simple living things and went on to higher forms of 
life. The work was planned this way to help you under- 
stand better the more complex forms of reproduction that 
take place in higher plants and animals. As you study the 
more complex methods of reproduction, keep in mind that 
all methods are alike in one way: A bit of protoplasm is 
separated from a parent (or from two parents) and grows 
into a new organism like its parent. Now let us see how 
reproduction takes place in higher animals. 

We shall begin with a small, fresh-water fish known as 
the shiner. The male shiner selects a still place in a gravel- 
bottomed stream. There he swims rapidly about and 
spreads his fins to attract his mate’s attention. She swims 
into the nest and deposits eggs in the water. As she does 
this, he sends sperms into the water about the eggs. These 
sperm cells are so tiny that they can be seen only with the 
aid of a microscope. But under the microscope they are 
seen to have large heads and long tails. The tails lash 
about and push the sperms rapidly through the water. 
Since the sperms live for only a short while, they must 
find their way to the eggs very quickly, or fertilization 
of the eggs cannot take place. 

When a sperm reaches an egg, the head of it pierces the 
egg wall. The sperm loses its tail, and the head part 
unites with the egg. Fertilization has taken place, and 
the eggs settle to the bottom of the water to hatch. The 
fertilized egg, as you have seen, contains bits of proto- 





Fic. 347. In some basin-like part of a stream, where the water is 
quiet, the brook trout lays her eggs among the gravel. The eggs are 
then fertilized by a male fish. 


plasm from both the male and the female. Because it 
received some protoplasm from both parents, the baby 
fish will in some ways be like its mother and in other 
ways like its father. Later you will learn more about how 
and why children resemble their parents. 

Now let us think about the way young birds are pro- 
duced. We shall take the robin as an example. Large 
egg cells containing stored food are formed inside the 
female robin in an organ called the ovary. When the pair 
of robins has made a nest, an egg leaves the ovary of the 
female and begins to move down a tube called the oviduct. 
Near the upper end of the oviduct it is fertilized by uniting 
with a sperm, which has been placed in the oviduct by the 
male. As the egg moves down the oviduct, additional food 
material (the white of the egg) is wrapped around it, and a 
shell forms around both the egg (which we usually call 
the yolk) and the added food. Then the egg is ready to be 
“laid’’ in the nest by the female. 

One by one eggs leave the ovary, are fertilized, and laid, 
until there are several in the nest. The female then remains 
on the nest to incubate the eggs by keeping them warm 
with her body. Sometimes the male bird helps with this. 
While the eggs are kept warm, the protoplasm in each 
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yolk, or true egg, forms many, many cells. These grow, 
divide, and group themselves together until all the parts 
of a young robin are formed. Finally the young bird fills 
the whole shell and is strong enough to break out of the 
shell, or “hatch.”’ 

The process of reproduction 
is much the same with the rob- 
ins as it was with the shiners. 
First, these animals select their 
mates. Then the sperms and 
the eggs are brought together. 
Finally, the young begin to 
develop. However, there is 
one difference in the mating of 
these animals—a difference so 
important that you should 
have it clearly in mind. The 
sperms and eggs of the shiners 
are scattered in the water. The 
sperms make their way to the 
eggs if possible; if not, fertili- 
zation does not take place. 
The eggs of the robin are fer- 
tized within the body of the 
female. In this way reproduction is more certain. 

This is true of all the highest types of animals: the eggs 
are fertilized in the mother’s body. Not only is this true 
of birds; it is true of reptiles (turtles, snakes, and lizards) 
and of mammals as well. Mammals are a group of animals 
that (1) are warm-blooded, (2) have glands that supply 
milk to feed their young, and (3) have all or a part of their 
body covered with hair at some time in their life. 

Now let us see how the animals known as mammals 





Fie. 348. All these eggs were 
found in the body of this fe- 
male snapping turtle. 
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produce their young. In early spring, rabbits, for example, 
select their mates, make nests, and begin to raise their 
young. The eggs are fertilized in the body of the female, as 
in the case of birds. But instead of being laid and hatched 
outside of the mother’s body, as is true of the robin, the 
very tiny eggs are kept in her body. The young rabbits 
receive nourishment from the blood of the mother until 
- they can live outside her body. Then they are born. 

Most mammals, such as dogs, cats, moles, bats, squirrels, 
horses, cows, and man, produce their young in this way. 
But there is one kind of mammal that lays eggs, and the 
young hatch much as birds do. These animals are the 
duckbill and the spiny ant-eater of Australia. 


Self-Testing Exercises 


1. Why do the young of higher animals resemble both their 
parents? 

2. Is fertilization in animals like fertilization in flowering 
plants? Give reasons for your answer. 

3. In what way is reproduction different in the fish, the bird, 
and the mammal? 

4. Why must eggs be incubated? 

5. How can we tell mammals from other animals? 


Problems to Solve 


1. Read descriptions of egg-laying mammals in an encyclo- 
pedia. Compare these animals with other mammals. 

2. Examine the body of a bat or read about bats in some good 
reference to find why these animals are not classified as birds. 

3. Carefully break a hen’s egg into a small dish. Notice how 
the shell is made to protect the growing chick. Look for a small 
white spot on the yolk. This spot contains the protoplasm that 
grows into a chick when a fertilized egg is incubated. 

4. Some fish lay millions of eggs. Can you see why such a 
large number of eggs is advantageous? 
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Fig. 349. Cockleburs, shown at the left, have many little hooks that 
catch clothing and the hair of animals. At the right are tumbleweeds, 
common in our western plains states. In the fall, when the plant is dry 
and brittle, its stem breaks loose, and the plant is blown along by the 
wind, scattering seeds as it rolls along. 


Problem 2: 
HOW DO SEEDS GROW INTO PLANTS? 

OW ARE SEEDS SCATTERED? Everyone has seen the 

white head of a dandelion. This white head, as you 

know, consists of a great many tiny seeds with a bit of 
“fluff” attached to each. Now let us suppose that the 
seeds of the dandelion merely fell to the ground beneath 
the head. There would be so many seeds in such a small 
space that only a very few of them could possibly grow to 
mature plants. If seeds are to grow well, they must get 
away from the parent plants so that they can have food 
and room to grow. 

You have seen hitch-hikers along the road so often that 
you probably pay no attention to them. But did you ever 
think of seeds as hitch-hikers? Many of them are. When 
you walk through fields and woods, seeds with sharp 
hooks or prickles often stick to your clothing. Later they 
are brushed off, or you pick them off. When they fall in 


UNIT 10. GROWTH AND REPRODUCTION 465 


favorable places, they grow into new plants far from the 
parent plants. Seeds are often carried from place to place 
by sticking to the hair of animals. Some seeds of this kind 
are sand-burs, beggar’s-ticks, Spanish needles, and cockle- 
burs. How many of these kinds of seeds grow near where 
you live? | 

Other kinds of seeds, particularly the ones in small 
. fruits, are eaten by birds and other animals. Later they 
are dropped in waste matter given off from these animals’ 
bodies. There they begin to grow, and in this manner the 
plants are spread. Seeds that are scattered by this means 
generally have very tough seed coats that keep the inner 
parts from being digested while the seeds are in an ani- 
mal’s digestive system. Try to think of some seeds that are 
scattered in this way. 

Of course everyone has seen seeds scattered by wind. 
Dandelion, maple, elm, linden, thistle, ash, and clematis 
seeds are good examples. All of these seeds have “wings” 
or long, silky hairs to help them float in the air. Such seeds 
can travel great distances before they alight and start 
growing. Water, as well as wind, plays its part in helping 
to scatter seed. Bitter pecans, sycamores, and grass seeds 
float easily. They often fall into streams or are washed into 
them by heavy rains. The swift water then carries the 
seeds to a still place, where they are deposited and begin 
to grow. Look along the banks of streams or among the 
driftwood after the heavy rains, and perhaps you will find 
many other kinds of seeds that are carried by water. 

One of the strangest ways of scattering seeds is found 
among plants whose seed-capsules explode and throw the 
seeds for considerable distances. A common example of 
explosive seed capsules is the jewel weed (balsam or touch- 
me-not). When the seed pods are ripe, they burst open and 
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scatter the seeds. The seeds of violets are also scattered in 
this way. Since you have studied why and how seeds are 
scattered, see how many examples you can find. 
Self-Testing Exercises 

1. Give at least two reasons why seeds need to be scattered 
away from the parent plant. 

2. Make a list of ways in which seeds are scattered. Name 
seeds, in your locality, if possible, that are scattered by these 
methods. 

OW DO SEEDS GROW INTO NEW PLANTS? Before you 
H begin to find out how seeds grow, think for a moment 
of what you know about seeds. You know that a plant 
does not begin its life as a seed. It begins as a single cell. 
The new plant really begins when a sperm from the pollen 
tube unites with an egg in the ovary of the plant. Then 
the fertilized egg must develop into an embryo within 
the parent plant. After seeds are mature, they are scat- 
tered and usually lie inactive, or dormant, until the begin- 
ning of the next growing season. Germination takes place 
when seeds begin growing after their dormant period. 

EXPERIMENT 56. How Do Seeds Germinate? (a) Put some bean 
and corn seeds between several thicknesses of wet cloth. Put 
the cloth between two dinner plates, turning one plate upside 
down over the other. Keep the cloth moist until the seeds ger- 
minate. In this way you can observe the seeds without the soil 
being in the way. 

6) Plant corn and bean seeds in small pots of earth so that 
you can watch them grow. 


If you watched the seeds between the pieces of wet 
cloth, you saw them swell and split their coats. If you 
looked inside the seed, you found that the embryo was 
growing. The embryo used some of the food stored around 
it, and its cells began to divide. In both the corn and the 
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Fic. 350. Different stages in the growth of a bean plant and of a corn 
plant. What grows first from both seeds? What happens to the cotyle- 
dons of the bean seed and to the cotyledon of the corn seed? 


bean the first part that grew out of the seed was the root. 
Small roots grew on the sides of the main root. Later many 
very small fuzzy-looking root-hairs appeared. 

In the bean plants the cotyledons stuck to the stem and 
were pushed above the ground. The cotyledons stayed on 
the plant and provided food for it until the young plant 
could make its own food. In the corn plants the cotyle- 
don stayed in the ground to give the young plant food 
until it was able to make food. A single shoot was pushed 
up out of the ground. All the time the cells in the young 
plants were dividing and adding more cells. Soon the 
plants of both kinds began to develop leaves. These turned 
green, and the young plants could then make food for 
themselves. 

OW DOES A PLANT INCREASE IN SIZE? Did you ever 

wonder how tender roots can push their way down 

into hard soil? Look through a microscope at a prepared 

slide showing a root tip. The cap of cells at the end is 

called the root cap. These cells protect the tender growing 
point as the root pushes down into the ground. 
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The growing point is where the root cells divide to form 
new cap cells and new root cells. The larger cells beyond 
the growing point merely get larger and help make the 
root longer. One layer of cells all around the root divides 
and grows to make the root thicker. So long as plants live, 
their roots continue to grow. Tiny new rootlets are con- 
stantly developing. 

The long root-hairs shown in 
Figure 351 are very important. 
They are the cells that take in 
most of the water and dissolved 
minerals from the soil. These 
root-hairs develop near the tip of 
the growing root. As the root 
grows older, the old root-hairs 
wither, and the root becomes 





ie Sse thick and hard and takes in 
Nicest cant = little, if any, water. Now let us 
whet D-Root cap see how we can use what we have 


learned about the way roots 
grow and take in water. 

First of all, what you have learned tells you that you 
must take care in transplanting a young plant. If you 
destroy the root-hairs, new ones must grow immediately, 
or the plant will die. In transplanting, therefore, you must 
remove some of the soil with the roots of the plant, because 
it is impossible to take the roots out of the soil without 
destroying the root-hairs. You should also pour water into 
the hole in which you place your plant. The muddy soil 
can more easily settle close to the root-hairs. 

What you have learned also tells you how to water trees. 
Since the old roots take in little, if any, water, it does little 
good merely to water the base of a tree. The water, to be 


Fig. 351. Tip of a root 
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of the most good to the tree, must fall on the soil in which 
the young roots and root-hairs are located. Therefore you 
must water around the tree for a distance of many feet. 

You have learned that plant roots grow longer by form- 
ing new cells just back of the root cap. Now let us see how 
the stems of plants grow longer. 


EXPERIMENT 57. How Do Stems Grow 


- Longer? Get some young shoots from ash, a h TERMINAL 
buckeye, horse-chestnut, and other trees.  § 
Compare these shoots with Figure 352. een 
Find the terminal bud, lateral buds, leaf OWE YEAR 


scars, and bud-scale scars. How much 
growth did the shoot make last year? 


How old is the shoot? Cut open a ter- J <____BUD “SCALE 


minal bud. What is inside it? : Foe 

When you cut open the terminal ve 
bud, you find small leaves. Back of 
these are growth cells much like the | S-———— LEAF SCAR 
ones you saw in the diagram of a apes 
plant root. These cells divide to make 
new cells, and for a time in the spring 
they grow rapidly. Then they stop 
growing, and that part of the stem never grows any longer. 
Where the protecting scales fell from around last year’s 
terminal bud, a ring-like marking, called the bud-scale scar, 
was left. The distance from this scar to the end of the 
shoot is the last year’s growth of the stem. It will always 
remain the length it is after the season’s growth has 
stopped. However, as you will soon learn, it can grow in 
diameter. You can tell the age of a shoot by counting the 
spaces between the bud-scale scars. 

The buds along the sides are lateral buds. Some of these 
are leaf buds; others are flower buds (Figures 352 and 353). 





Fic. 352. Parts of a 
shoot in winter 


470 SCIENCE PROBLEMS, BOOK TWO 


The irregular scars mark the places where the leaf stems 
grew. The stems of plants that live only one year grow in 
much the same way except that their buds are continually 
growing until full size is reached. 

Below the growing point of each stem most cells do not 
divide; they only grow larger until the stem has reached 
its full size. This is especially true of such plants as corn 
(Figure 355) and lilies. However, the stems of dicotyle- 
donous plants grow larger in a different way. 


EXPERIMENT 58. How Do the Stems of Trees Grow in Thick- 
ness? (a) With a sharp knife cut across a branch of a tree that 
is about one inch in diameter. Look for layers in the wood. Try 
to tear off some of the bark down 
LEAF BUD to the white wood. Is there a layer 
where the bark pulls away from 
the wood easily? 

b) Repeat a with a branch that 
is only one-half inch in diameter. 
Does the smaller branch have as 
many layers as the large ones? 

c) Examine the smooth top of 
a tree stump. How many layers 
can you find? If the tree has just 
been cut, look for the inner dark 
heart-wood and the light sap-wood. 


When you examine large 
woody stems, you can find a 
dark inner part, the heart-wood. 
The heart-wood does not carry 
liquids up and down the stem, and it is often darker in 
color than the lighter wood around it. The heart-wood 
is really dead. The lighter wood is known as sap-wood, for 
it carries most of the liquid sap up the stem. Outside the 





Fra. 353. Section view of buds 
on a balsam poplar shoot 
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sap-wood is the bark that peels off 


rather easily. Between the sap- CAMBIUM 
REGION 


wood and the bark lies the cam- 
bium. The cambium is made of 
delicate growing cells that divide 
to form new wood and bark. The 
bark separates easily from the wood 
because the cambium cells are deli- 
cate and tear easily. 

As you already know, green 
leaves of plants use the sun’s © 
solved minerals, carbon dioxide, poe: Mie nee 
and water. The leaves get the ae seat ine: ra 
dissolved minerals and water from 
the roots. This liquid material goes up to the leaves 
through tubes in the sap-wood. When the leaves have 
changed the raw materials into food, it goes back down 
through other tubes in the inner layer of bark to the 
cambium and other growing cells. The cambium uses 
manufactured food to make protoplasm for the new cells 
as the cambium cells divide and grow. 

The fastest period of growth is in the spring, and the 
cells formed at this time are larger than those formed later 
in the summer. The difference in the size of the cells makes 
rings of different colored wood—a light ring for part of 
the year’s growth and a dark ring for the other growth. 
These are called growth rings, or annual rings (Figure 354). 
You can count the annual rings and tell about how old a 
tree is. In places where there is moisture and warmth all 
year round, so that trees grow almost continuously, or in 
places where droughts occur often, so that trees frequently 
cannot grow, this method of telling the age of a tree is not 
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reliable. But in regions where there is summer and winter, 
the number of rings is an accurate record of a tree’s age. 

Stems are important to plants in two ways: (1) They 
support the leaves in the air and the sunlight, so that 





Fig. 355. The stem of a monocoty- 
ledon, like the corn plant, has no 
annual rings. The stem grows 
thicker by growing all through the 
inside as the size of the cells that 
make up the stem increases. 


food can be made. (2) They 
carry water and dissolved 
minerals to the leaves for 
making food, and _ they 
carry the manufactured 
food to the different parts 
of the plants. Thus you can 
see that the stem must 
get larger as more leaves 
and roots are added to the 
plant by growth. 


Self-Testing Exercises 


1. Make your own defini- 
tion of germination. Then 
check with the book to see 
whether you are correct. 

2. What is the difference 
between the root cap and the 
growing point of a root? What 
does the root cap do? 


3. What practical use can you make of what you have 
learned about the growth of roots? 

4. Why do growth rings appear in tree trunks? How would 
growing conditions change the appearance of the rings? 

5. How do the stems of plants grow longer? 

6. How can you find out how old a twig on a tree is? 


Problems to Solve 


1. Why do plants often wilt after they have been dug up 
and planted in another place? How could you prevent this? 
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2. If you were to drive a nail in- 
to a tree trunk and leave it there for 
several years, would you expect to 
find the nail higher from the ground 
at the end of this time? Why? 

3. Make marks with waterproof 
drawing ink one-fourth inch apart 
on a growing stem. Begin at the tip 
‘and mark back for a distance of ten 
inches or to the root of the plant. 
Each day measure the distance be- 
tween the marks to see where the 
stem is growing. 

4. If you can find the smooth 
end of a log or a stump, try to tell 


how old the tree was when it was” Fia. 356. The ancient cy- 
oybidlennie press tree near Oaxaca, Mex- 
ico, 1s 160 feet high. It takes 

OW LONG DO PLANTS LIVE? twenty-eight persons with 


The oldest living thing in _ outstretched arms and fin- 
the world, so far as scientists 8S to encircle the tree. 
know, IS a cypress tree near otal ieee ut 

, panish explorers took shel- 
Oaxaca, Mexico. This tree is es- ter beneath it. 
timated to be about 5000 years 
old. Of course, plants usually do not live nearly so long 
as that. If a scientist were asking the question at the be- 
ginning of this paragraph, he would ask it in a different 
way. He would probably say, ““How long does it take 
plants to complete their life cycles?” 

By “life cycle” we mean all the changes a plant goes 
through in the course of its development. Many seed 
plants complete their life cycles in one growing season or 
year. ‘The seeds germinate; the plants produce roots, 
stems, leaves, and flowers; the flowers produce seeds; and 
the parent plants die. These plants are called annuals, 


Bes 8 
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because they go through their life cycles in a single year. 
Wheat, beans, peas, and corn are examples of annuals. 

Other kinds of plants require two growing seasons to 
complete their life cycles. Beets, for example, produce 
fleshy roots and leaves the first season. In the fall the 
leaves die, but the roots stay alive. In cold regions beets 
are dug up and stored where they will not freeze. If we 
want the beets to produce flowers and seeds, they must 
be planted again the next season. Plants that require two 
seasons to complete their life cycles are known as biennials 
(67 means two). Carrots, cabbage, hollyhocks, and certain 
primroses are also biennials. 

What about trees and other plants that live for long 
periods of time? All plants that live more than two years 
are perennials. Apple trees, oaks, willows, dandelions, and 
the common milkweed are good examples of perennials. 
Self-Testing Exercises 

1. Make a diagram to show the life cycle of a bean plant. 

2. Tell in your own words the meaning of annual, biennial, 
and perennial. 

Problems to Solve 

1. Make a list of some of the common annuals, biennials, 
and perennials in your community. 

2. What is the oldest living thing in your community? 
Problem 3: 

HOW DO ANIMALS GROW? 

ARLIER in the unit you learned that higher animals, as 
E, well as higher plants, begin their lives as eggs. Each 
egg must be fertilized by a sperm; then the young animal 
begins to develop. In studying this unit you found that 
it was impossible to think clearly about reproduction 
without also thinking about growth, for growth begins as 
soon as an egg is fertilized. In this problem you will begin 








Fra. 357. The lamb looks enough like its mother so that you can tell 
what kind of animal it is. What changes will take place in the lamb 
as it grows into an adult sheep? 


with the fertilized egg and find how some of the different 
kinds of animals grow. 

OW DOES A CHICKEN GROW? A very young chick is 
H covered with down and is much smaller than a grown 
chicken. Yet it is so much like a grown chicken that you 
have no trouble recognizing it. Kittens and puppies 
resemble grown cats and dogs, and babies are enough like 
grown men and women for us to tell whether they are 
cats, dogs, or human beings. Animals of these kinds go 
through gradual changes as they grow, until finally they 
are adults. 

Let us study the chicken as an animal of this kind, be- 
cause hens’ eggs are quite easy to examine as they develop. 
Wouldn’t you like to have a hen’s egg with a window in it 
so that you could see what happens to a chick as it grows? 
Scientists have really cemented windows in the shells of 
eggs and have watched the chicks develop. But you will 
find it better to study the development in a different way. 

EXPERIMENT 59. What Happens to an Egg as It Develops 
ito a Chicken? Put a dozen or more fertile eggs into an incu- 
bator or under a setting hen. On the third day after you have 
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Fic. 358. These models show how the fertilized egg cell of the star- 
fish divides to make many cells, how these cells form a hollow ball 
(shown cut in half), and how the hollow ball folds in to form layers 
of cells. Chickens, snails, human beings, and many other kinds of 
animals begin their growth in this way. (Jewell Models) 





started the eggs, break one into a very weak solution of salt 
water that is at about body temperature. What has happened 
to the egg? Can you find the spot where the chick’s body has 
started to develop? Can you see the heart beating? Why do 
you think the blood vessels are being sent out over the food 
material? 

Break and examine an egg on the sixth, ninth, twelfth, and 
fifteenth days. Keep a careful record in your note-book of the 
changes that have taken place. Make drawings each time, 
showing the different parts with colored crayons. Compare 
your notes and your drawings from time to time. 

A small fertilized egg, like that of a snail, is shaped 
much like a tiny ball. First it divides into halves that stick 
together. Each half is a cell. Soon these two cells divide 
again, and the egg has four cells. Division continues to 
take place, and the egg has eight cells, then sixteen, and 
so on. As the cells of the egg go on dividing, they are 
still grouped in the shape of a ball. 

The inside of this ball of cells gradually becomes hollow. 
Then a peculiar thing happens. One side of the hollow ball 
of cells begins to push in much as if you took your finger 
and pushed in one side of a hollow rubber ball. This con- 











lO DAYS I5 DAYS 





20 DAYS 





Fic. 359. Several stages in the development of a chick from an egg 


tinues until the ball is so pushed in that it looks like 
Figure 358. The egg now has two different layers, due to 
its pushing in. Then a third layer develops. It is from these 
three layers that the different parts of the body develop. 
Muscles, blood, and blood-vessels grow from the middle 
layer. The outer layer develops into the skin and nervous 
system, while the linings of the digestive system, the liver, 
the lungs, and other organs, develop from the inner layer. 

The chick develops in a somewhat similar manner from 
a layer of cells that form on one side of the yolk or egg. 
However, the stages of development are quite different in 


477 


478 SCIENCE PROBLEMS, BOOK TWo 


appearance because so much food is stored in the hen’s egg. 
All the time the chick’s body is developing, it is using 
the food stored in the egg. The egg has plenty of moisture 
init, and you keep the temperature of the incubator at 
about 103° F. to provide the proper temperature for 
growth. If you did Experiment 59 carefully, in about 
twenty-one days the chicks hatched. And then you had to 
provide the proper food and living conditions in order for 
the chicks to continue growing. 

The newly-hatched chick has a soft body covering of 
down. As its body grows, it sheds this covering and gradu- 
ally grows feathers. Chickens and other birds generally 
shed their feathers (molt) in the fall and grow an entirely 
new set. As the chick molts, grows new feathers, and in- 
creases in body size, it becomes a grown, or adult, chicken. 
All of the time the cells of its body are dividing and mak- 
ing new protoplasm from the food it eats. 

The young of such animals as dogs, cats, rabbits, wolves, 
horses, cattle, and even man, go through a similar kind of 
development during the embryo stage. However, the 
development of the embryo takes longer for some animals 
than it does for others. Table 4 shows you how long it 
takes, from the time the eggs are fertilized, for the young 
to be hatched or born, as the case may be. 


TasBLe 4. Leneru or Time REQUIRED For Empryos To DEVELOP 
































Length of Time Length of Time 
Kind of Animal for the Embryo Kind of Animal for the Embryo 
to Develop to Develop 
Gb ee 14 days Bes ae 62 days 
Pigeon =e 16-17 days Pipve ena eee 4 months 
Chicken. . . . 21 days Cows 2G 9 months 
Rate ee, gees - 21-28 days Mang. 4-28 about 9 months 
Duck). se 26-28 days Horsé, 27. Sel lamonthe 
Rabbitjtea tee os 30 days Elephant . . . | 2 years 











Fic. 360. This is an enlarged picture of young trout still attached to 
the egg sacs that supply food for them until they are able to find food 
for themselves. 


All of the animals listed in Table 4 have backbones. 
They are classified as vertebrates. (Look at Figure 270, 
page 355, so that you will understand where the word ver- 
tebrate comes from.) They have many body structures 
that are alike, and many of the stages of their growth are 
alike. However, there is one important difference among 
them. Some of the vertebrate animals lay eggs, and the 
young hatch from the eggs. Such animals are ovuparous 
(egg layers). Other animals give birth to their young. 
These are viviparous (giving birth’ to living young). 

Now let us see how human beings grow. In general, 
we follow the life cycle that you have just studied. But, 
of course, it takes man longer to go through his life cycle 
than it does many other animals. Each of us began life as 
a single fertilized egg cell. This cell divided and formed 
others. The cells gradually formed into a hollow ball, like 
the one described on page 476. Then one side of the ball 
pushed in, making two layers, and soon a third layer devel- 
oped. Different organs of our bodies developed from these 
layers. In from 270 to 290 days we were ready to be born. 
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Fra. 361. These X-ray photographs of the hand of the same child at 
the age of six and at the age of twelve show how some of the cartilage 
has been replaced by bone. 


Did you ever see a very young baby? How helpless it 
was! You were like that when you were very young. You 
had no teeth, and probably you had very little hair on 
your head. You were in a period of your life cycle known 
as infancy. During this time you kept right on growing. 
You got taller and stronger. More hair grew on your head. 
Before long you began to develop your first set of teeth. 
But you did not keep these teeth very long. In the second 
period of your life, known as childhood, your first set of 
teeth began to come out, and others grew in their places. 

Many other changes had taken place since you were a 
baby. The length of your legs and arms increased in pro- 
portion to the length of your body. Your face changed 
from the rounded face of an infant to the oval-shaped face 
of a child. The ends of your bones and other places in your 
body were made of a flexible substance known as cartilage. 
This cartilage was gradually replaced by bone as you 
grew (Figure 361). This replacement is still going on in 
your body today, and your bones will continue to change 
until you are old. 
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When boys and girls reach the period where they are 
changing into young men and women, we say that they 
are adolescent. Next they are young men and women, then 
they are middle-aged, then old. Human beings grow very 
fast until they are mature. Then their growth slows down, 
until finally it stops. After several years their bodies 
slowly become less strong and vigorous, and later they 
die. The table below will give you some idea of the length 
of life of the animals you studied in Table 4. 























TasieE 5. Lenora or LIFE ofr SOME ComMMON ANIMALS 

Kind of Animal Usual Age Kind of Animal Usual Age 
Robin 8-9 years Dog?” eee 10-12 years 
Pigeon . 20 years Pig ape ck Me 20 years 
Chicken... . 2-3 years Cows pee ore 2 12-16 years 
Katee 7. 8-9 years Manteeil: 4107.4 About 60 years 
Dicker 3-314 years | Horse ee 25-30 years 
Rabbit . 5-7 years Elephant ... . 100-200 years 














Self-Testing Exercises 

1. Use a ball of clay to illustrate the early stages in the 
division of an egg: two cells, four, eight, etc. 

2. Get a hollow rubber ball and use it to show how an 
embryo develops two layers of cells. 

3. Tell in your own words the difference between oviparous 
and viviparous animals. Give examples of each kind of these 
animals that are found in your locality. 

4. Describe the different periods in the life cycle of a human 
being. In your description tell about two things: the appearance 
of the individual and what the individual can do or cannot do. 

5. Explain how cartilage changes as a child grows older. 


Problems to Solve 

1. Make a list of ways in which a baby or a young calf is 
like its parents. Give ways in which it is different. 

2. Make a list of vertebrate animals found in your neighbor- 
hood. Make a list of animals that are not vertebrates. 
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OW DO ANIMALS DEVELOP BY METAMORPHOSIS? In the 
H part of the unit that you have just studied, you 
learned that the young of some kinds of animals look 
enough like the grown, or adult, animal so that you can 
easily tell what kind of animal it is. Now let us study 
some kinds of animals that are different. Did you ever see 
a tadpole? It does not look much like a frog. If you did 

: not know what a tadpole was, 
ca you would not recognize it as 
= the young of a frog. 
elle 










a 
| 
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EXPERIMENT 60. How Do Frogs 
: Develop? If possible, get some 
Beginning of tadpole form frogs’ eggs and keep them in a 
large aquarium of pond water 
where there are plenty of plants. 
Examine the eggs every day with 
a hand lens to see how they de- 
velop. In your note-book keep a record of what you see to help 
you remember what changes take place. Make sketches, if you 
can, to show these changes. Be sure to put the date on each 
of your sketches. 














16-celled 
Fic. 362. Several of the first 


stages in the development of a 
frog’s egg 


In the early stages of development a frog’s egg first 
divides into two cells, then four, eight, and so on, as you 
have already learned (Figure 362). Soon the young fish- 
like embryo can be seen inside the jelly that surrounds 
the egg. When the embryo has grown into a tadpole, it 
breaks out of the jelly that surrounded it. If you watch 
closely, you may see the embryo wiggle about. It lives for 
a few days on a part of the egg material that is left in its 
body; then it begins to feed upon tiny plants and upon 
other vegetable matter. 

At first a tadpole has branched tree-shaped gills on 
either side of its head. These disappear later, and gills 
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_ develop inside the body to take oxygen from the water. 
Soon hind legs begin to develop, and the large tail begins 
to get smaller. It is gradually absorbed into the body to 
be used as food. Air-breathing lungs develop to take the 
place of inside gills. Watch to see when the tadpoles in your 
aquarium come to the top of the water to breathe. When 
they do this, they have developed air-breathing lungs and 
are using them. Finally the ies 

front legs appear, the tail is 
all gone, and the tadpole has 
become a frog. 

Instead of developing grad- 
ually from a tiny creature: 
that resembled its parents, 
the frog went through several 
different stages in its growth 
(Figure 363). During each of Fic. 363. The series of changes 
these stages the growing tad- Suge whieh ee saT0e, Boe an 

; : ecoming an adult 
pole did not look at all like 
a frog. Such a series of changes in a developing animal is 
known as metamorphosis (change of form). 

Now let us see what stages a frog goes through in becom- 
ing grown. First, it is an egg, then a tadpole, and finally a 
frog. Perhaps you noticed that a tadpole is fitted to live 
in a different environment from that of a frog. A young 
tadpole has gills with which it can get oxygen from the 
water. It also has a tail to propel itself through the 
water. The frog, on the other hand, has lungs to get 
oxygen from the air, and legs by which it can both move 
on land and swim in the water. 

Not all frogs go through these changes in the same 
length of time. The changes vary with the kind of frog 
and the kind of season. Frogs’ eggs are generally laid in 





: . ‘ 
Legs developing Adult frog 
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March or April. Can you see how a very cold or a very dry 
season would affect the development of frogs’ eggs? 
Many other kinds of animals also grow by metamor- 
phosis. Examples of such animals are toads, newts, and 
insects. Insects do so much damage to our food crops 
and their stages of development are so different from those 
<< of frogs that we shall study a few 
examples of insect metamorphosis. 
Grasshoppers are a good example 
of one kind of insect metamor- 
phosis, and they are easy-to ob- 
serve (Figure 364). | 
Grasshoppers are first eggs. 
These eggs develop into tiny grass- 
hoppers that are much like the 
adults except that they have no 
wings. These immature grasshop- 
A @ Nem pers are called nymphs. Nymphs 
Adulte always seem to be hungry. They 
Fic. 364. The stages inthe eat heartily for several days, and 
growth of a grasshopper. during this time their bodies grow 
Notice that wings are be- considerably larger. 
eee fee ee But the bodies of grasshoppers 
are not covered with skin that 
will grow as their bodies grow. They are covered with a 
substance known as chitin. It is similar to the substance 
your finger-nails are made of. So, as they grow, grass- 
hoppers simply burst their body coverings and shed them. 
We say that the insect molts. A new covering of chitin 
develops, and the nymph begins to eat heartily again. 
After about five molts, the grasshopper has developed 
wings. It is then a full-grown insect. 
Grasshoppers go through three stages in their develop-. 
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ment: egg, nymph, and adult. Such a type of metamor- 
phosis is known as incomplete metamorphosis, because 
some other kinds of insects go through more complete 
changes during their life cycles, as you will now learn. 

Such insects as moths, butterflies, bees, ants, wasps, 
house-flies, and many 
others, go through very 
definite changes as they 
develop (Figure 365). 
But the changes in their 
life cycles are entirely 
different from those of 
grasshoppers. 

The eggs of moths 
hatch into worm-like 
creatures known as lar- 
vae (larva is singular). 
You probably call them 
caterpillars, or “worms.” 
Larvae have enormous 
appetites and eat greed- 
ily for short periods of 
time. Soon they spin 
silken cases about them- 
selves and go into a rest- 





Adult 
ing stage. During this ofthe (A) house fly, (B) mosquito, 
_stage they are known as_ (C) honeybee, and (D) clothes moth 
pupae (pupa is singular). 

The silken case around the pupa of a moth is known 
as a cocoon. Have you ever found cocoons hanging on 
branches of trees? Moths generally spend the winter 
within the protective covering of their cocoons. By spring 
the pupa in the cocoon has developed until it is ready to 
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“hatch.” Then it comes out of the cocoon as a fully 
developed, adult moth. 

Butterflies and other insects go through the same stages 
while they are growing. However, butterflies, bees, ants, 
and other insects do not spin cocoons. They develop hard 
cases about themselves for their resting stage. These are 
usually known simply as pupae. 

The insects you have just been studying go through 
four distinct life stages. These stages are egg, larva, pupa, 
and adult. Insects that go through these stages of develop- 
ment have complete metamorphosis. If you will watch, you 
will see many other examples of both incomplete and com- 
plete metamorphosis taking place about you during the 
growing season. 


Self-Testing Exercises 


1, Make an outline of the stages frogs go through as they 
grow from egg to frog. From your outline tell the story of their 
development. 

2. Why does a tadpole not begin eating when it is first 
hatched? 

3. Make your own definition of the word metamorphosis. 

4. Make a table to show the different stages in the meta- 
morphosis of (1) a frog, (2) a moth, (3) a grasshopper. 


Problems to Solve 


1. Is it possible to drown an adult frog? Give reasons for 
your answer. 

2. Compare the molting of a grasshopper with the molting 
of a chicken. Does the word “‘molt’’ mean the same in the case 
of each animal? 

3. Make a list of common insects of your neighborhood. 
Opposite the name of each insect write the kind of metamor- 
phosis it goes through. 
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LOOKING BACK AT UNIT 10 


1. Copy the headings of each of the sub-problems in the unit. 
For example, the first sub-problem heading on page 442 is 
“What is the simplest way in which plants and animals repro- 
duce?” Write in a few sentences the answer to each sub-prob- 
lem. This exercise is planned to help you get a more complete 
picture of how life continues upon the earth. 

2. Show that you know the meanings of the following words: 


reproduction mycelium fission 
spore fertilization | seed 

egg dicotyledonous plants sperm 
embryo germination incubate 
perennials postal brennials 
ovary regeneration pupa 

life cycle metamorphosis cambium 


ADDITIONAL EXERCISES 

1. Get 100 seeds of the same kind. Put them between pieces 
of wet cloth and place the cloth between dinner plates, as you 
did in Experiment 56. Keep the cloth moist and the plates 
in a warm place. After several days count the number of your 
seeds that germinated. 

2. Spores of mushrooms are of different colors. The color of 
the spores helps to tell the kind of mushroom. Make a spore 
print by cutting the “cap” from a “‘toadstool” and laying it 
with the “gills”? down on a smooth, white piece of paper. Cover 
the cap and paper with a dry tumbler to prevent the spores 
from blowing away. In from twenty-four to forty-eight hours 
the spores will fall from the gills and make a print. 

3. Find out what insect galls are. Make a collection of them. 
Look in some good reference and try to find what insect made 
the gall. Mount the galls and write a brief description of the 
insect that caused them. | 

4. During the winter and early spring see if you can find 
cocoons of moths on trees and shrubs. Bring them into the 
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house and keep them in large jars with soil in the bottom. 
The soil should be kept moist. When they begin to come out, 
provide sticks for the moths to climb on while their wings 
expand and dry. If you wish, learn how to kill and mount the 
moths. 

5. Mount several kinds of twigs on a chart. Label them to 
show the main parts and indicate the amount of growth made 
by them each year as far back as you can count. 

6. From the proprietor of a seed store find out about the 
length of time it takes for different flower and garden seeds to 
germinate. Arrange your facts in a table. 

7. Why should the grains of corn be planted a long way apart 
in the field? | 

8. Ask your neighbors to tell you the age of the oldest living 
thing they know, for example, a cat, a dog, a tree, etc. 

9. In a reference book find out how some of the one-celled 
bacteria and molds are useful to man. For example, look up 
cheese-making, yeast, butter-making, and vinegar- making. 
Perhaps you can get a copy of a book called Bacteria, Y easts, 


and Molds in the Home, by H. W. Conn. 





Fic. 366. At the great International Livestock show at Chicago this 
fine steer, owned and raised by a fourteen-year-old Illinois girl, won 
the grand championship as the finest farm animal exhibited. Would 
you know how to feed and care for such an animal? 

To feed our people and some of the other people of the world, our 
farmers grow each year nearly 500,000,000 bushels of potatoes, more 
than a billion bushels of corn, over 500,000,000 bushels of wheat, 
over 100,000,000 bushels of apples, and nearly 50,000,000 bushels of 
peaches, to say nothing of such other crops as oats, hay, rice, pears, 
grapes, and cherries. Also on the farms of our country are about 
12,000,000 horses, 70,000,000 cattle, 50,000,000 sheep, 40,000,000 
hogs, and countless chickens and other fowls. 

Farming is a big business, and it is a scientific business, too. All 
these plants and animals that we need so much must be taken care 
of in a scientific way. Poor crops and sick animals mean loss to the 
farmer and less food for our people. In this unit you will learn how 
scientists help the farmer raise strong, healthy plants and animals. 


UNIT ELEVEN 


UNIT 11 


HOW DOES MAN TAKE CARE OF THE 
PLANTS AND ANIMALS HE USES? 


INTRODUCTORY EXERCISES 


1. Under what conditions do plants grow best? 

2. What is soil made of? Turn back to pages 130-135 
of Unit 3 if you need help with your answer. 

3. If you live on or near a farm, make an outline of the 
important steps in the care of some crop, such as corn, 
wheat, or cotton. Begin with the preparation of the soil 
and end with the storage or preparation of the crop for 
marketing. If you do not live on a farm, talk to someone 
who knows about farming and get the information you 
need from him. Leave spaces in your outline for Exercise 4. 

4. After each step in your outline in Exercise 3, write 
a sentence telling older ways of doing the work. Then write 
a sentence telling newer ways. An example follows: 

Old Way: Plowing a single furrow at a time with a hand 
plow pulled by a horse or a mule. 

New Way: Plowing two or more furrows at a time with a 
tractor and a gang-plow. 

*5, What is the food cycle in nature? 

*6. What are legumes, and how do they help other plants? 

7. Give an example to show that you know what crop 
rotation is and why it is practiced. 

8. List the insects that do the most damage to crops in 
your locality. After the name of each insect, write a sen- 
tence telling the methods used in trying to control it. 

9. List the important animal diseases that occur in your 
locality. Tell how each disease is treated. 

10. Tell how a hotbed or a greenhouse provides proper 
growing conditions for plants in cold weather. 

11. What sanitary conditions must be provided in a 
dairy barn or a poultry house? 
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Fic. 367. If you live on a farm, perhaps you belong to a 4-H club. 
Nearly two million farm boys and girls throughout our country belong 
to these clubs. The club members are learning to be scientific farmers, 
and their pledge is this: “I pledge my head to clearer thinking, my 
heart to greater loyalty, my hands to larger service, and my health 
to better living for my club, my community, and my country.” In 
this picture a club leader is showing some Iowa club members how 
to select the best ears of corn for seed for next year’s crop. 


LOOKING AHEAD TO UNIT 11 


of Farmer Brown. The alarm clock tells Jim that it is 
time to get up, but he turns over and promptly falls asleep 
again. Then dimly he feels that something 1s happening, 
and he discovers that his father is shaking him and say- 
ing, “Time to get up, Jim. We have lots to do today.” 

By the time Jim is dressed, he can hear his mother in 
the kitchen, getting breakfast. His father has already gone 
to the barn. Hurriedly he dresses, splashes his face with 
cold water, and joins his father in the barn. His father is 
milking. The horses greet Jim with a neigh of welcome as 
he pours a generous portion of oats into their feed boxes. 
While the horses are eating, he cleans out their stalls and 
puts their harnesses on. In the meantime his father finishes 
the milking and is ready to run the milk through the 
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IF IS FIVE o'clock in the morning. The place is the home 





Fic. 368. Before a farmer can plant a crop, he must cultivate the 
soil. Cultivating the soil means breaking it up into small pieces and 
loosening it so that the seeds can be put into the soil and so that 
roots and stems can grow easily. 


separator to get the cream out of it. While Jim is turning 
the handle of the separator, he hears his mother call, 
“Breakfast is ready.’’ You can guess what Jim does then. 

After breakfast the real work of the day begins. First, 
the hotbeds are uncovered to let in the sunlight. Then the 
hogs and chickens are fed, and the cattle are let out in the 
pasture. The horses are hitched to a plow, for Jim’s father 
is going to plow in the east twenty acres today. Jim is too 
small to follow a plow, but his father wants him to finish 
planting the garden at the side of the house. And so the 
day wears on. At noon there is a pleasant interruption for 
dinner. Then the plowing and gardening are continued 
until the sun begins to sink low in the west. 

Now the evening chores must be done. Jim mounts his 
pony and goes after the cows. His father unharnesses the 
horses, feeds them, and brings in straw from the straw 
stack for them to lie on. By this time Jim is back with the 
cows. He and his father carefully measure out the food for 
each cow and then begin the evening milking. Once again 
Jim turns the separator, and once again he is glad to hear 
his mother call “Supper is ready.” 
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Fic. 369. Here is a Missouri 4-H boy with his fine pure-blooded 
hogs. He knows just how to feed and care for them so that they will 
grow strong and fat, and perhaps win a prize at the county fair. 


The day’s work is really over. Jim thinks that he would 
like to read, but soon his head is nodding. “‘Better go to 
bed, Jim,’ says his father. ‘““We have lots of work to do 
tomorrow.” Jim goes upstairs, undresses, tumbles into 
bed, and soon is fast alseep. It seems to him that almost 
immediately he hears, “Five o’clock, Jim. Time to get 
up.’ Another day has begun. 

Perhaps you think from this description that farming is 
hard work. And so it is. But doing the chores, planting 
and harvesting the crops, and caring for the animals are 
only part of the work of the farmer. These tasks can all be 
done with the muscles of the body. With a little practice 
anyone can learn to do them. 

The most difficult and important task of the farmer is 
to plan what he shall do with his farm. Shall he plant the 
west twenty acres in corn or wheat? Last year the “‘east 
twenty” did not raise good corn. Should he change his 
crop, or should he fertilize the soil? Should he plant his 
corn now, or should he wait a little longer? The hens are 
not laying many eggs. Is it the kind of feed he is giving 
them? Or are they troubled with pests or disease? What 
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Fic. 370. These scientists are analyzing soil to find whether it con- 
tains the elements that crops need to make them grow well. Can you 
read some of the words in the sign on the wall? Later in this unit 
you will learn how farmers keep the soil supplied with the elements 
and compounds that are necessary for good crops. 


had he better do about it? These and dozens of other 
problems are constantly in the mind of the farmer. What 
should he do? | 

Fifty years ago the farmer had very little exact informa- 
tion to use in solving his problems. He learned from his 
own experience or the experiences of his father or of the 
neighbors. Some of his information was fairly reliable, 
and some was not. Farming was largely a “hit or miss” 
business. 

Now, however, the situation is different. No longer is it 
necessary for a farmer to rely wholly on his own experience 
or on what the neighbors think. Science has entered the 
field of farming. The United States Government has a 
Department of Agriculture, employing chemists, bota- 
nists, zoologists, physicists, geologists, and bacteriologists;: 
in fact, the Department of Agriculture employs experts 
from every field of science. The states have agricultural 
experiment stations, each station directed by a staff of 
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experts. The farmer puts his questions to these investi- 
gators. They carry on controlled experiments all over the 
country, and many of the farmer’s problems are solved 
for him. Others may be answered only after years of study. 

In this unit you will learn how the farmer takes care of 
the plants and animals that he raises. You will see how the 
many principles of science that you have learned have 
been applied to making farming a really scientific occupa- 
tion. You will understand more fully just what must be 
known and done in order for you to have your three 
‘square’ meals each day. 


Problem 1: 
HOW DO FARMERS IMPROVE THEIR SOIL? 


N YOUR study of science you have already learned that 
| all food of living things is made by green plants when 
the sun shines on them. The materials that the green 
plants use to make food come from the soil and the air. 
To grow well, plants must have good soil. Thus the 
farmer’s soil is his most valuable possession. If he is wise, 
he gives much thought and time to the care of his soil. 

A good soil has the right amounts of sand, clay, and 
humus, as you learned in Unit 3. Such soil breaks up 
easily and remains loose, so that plants can grow well in 
it. Loose soil allows air to reach the plant roots. Good soil 
contains plenty of the minerals that plants need to make 
food for themselves and for us. 

Yet, without the right amount of moisture even the 
best of soil is worthless for farming. Careful experiments 
show that the soil must furnish very large amounts of 
water to grow the common crops. For example, in one 
series of experiments 368 pounds of water were needed to 
produce a pound of corn, 513 pounds of water for a 
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pound of oats, and 736 pounds of water for a pound of 
beans. Each day an average crop is growing actively, its 
roots must receive from the soil six tons or more of water 
per acre. No wonder, then, that moisture is one of the big 
problems in farming. 

OW DOES WATER ACT IN THE SOIL? Before you can 
H understand how the farmer solves the problem of 
moisture in the soil, you must know how water acts in 
the soil. You can best understand how water acts in the 
soil if you examine some soil that contains different 
amounts of water. 


EXPERIMENT 61. How Does Soil Behave When It Contains 
Different Amounts of Moisture? Obtain samples of loam or clay 
soil as follows: (1) soil that has been allowed to lose all the 
water it will by evaporation; (2) soil in which plants are grow- 
ing—neither very dry nor very wet; (3) soil that has had water 
poured on it until it will hold no more. 

Try to break up each kind of soil with your fingers. How does 
each behave? Try also to stick different parts of it together. 
Look for air spaces in each sample of soil. In which condition 
do you think soil could best be prepared for planting seed? 


Now let us see what happens to the growth of plants 
when the amount of moisture in the soil is not correct. An 
experiment will show this clearly. 


EXPERIMENT 62. How Is the Growth of Plants Related to the 
Amount of Water in the Soil? Get three one-pint cans and punch 
several nail holes in the bottom of two of the cans. Fill the cans 
with soil and plant several grains of corn in each one. Give 
Can Number 1 a tablespoonful of water every day. Give Can 
Number 2 one-fourth cup of water every day. Can Number 3 
should be the one with no nail holes in the bottom of it. Keep 
the soil in this can soaked with water, so that the water stands 
above the level of the soil. 
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Fic. 371. A low piece of land like this one is known as a frost pocket. 


Water does not drain easily from it, and the wet soil stays cold be- 
cause water is evaporating from it and because wet soil does not get 
warm as quickly as dry soil. Also, cold air settles into this low place. 
Plants such as fruit trees and bushes, which need warm soil and air, 
cannot grow well in a place like this. 


Continue giving the amounts of water suggested on page 
496 for two weeks. What are your conclusions? Write the 
results In your note-book in brief form. 


As you have learned, most plant roots need air. When 
the soil is saturated with water, such plants cannot grow, 
because the water fills up all the air spaces. And if the 
soil stays saturated long enough, the plants die. Soil that 
is cultivated when it is full of water often becomes so 
hard when it dries that it can hardly be broken up again. 
Soil that is neither too wet nor too dry is most desirable 
in every way. As you noticed in Experiment 62, such soil 
seems to have a little moisture all through it, yet there 
are air spaces between the soil particles. 

Have you ever noticed how a thin film of moisture sticks 
to a rubber ball that has been dropped into water? The 
film of moisture is held by the force of adhesion (page 238). 
When the soil is neither too wet nor too dry, it is like 
many tiny, wet, rubber balls in a container. The wet par- 
ticles touch each other, and the films of moisture help 


ROCK OR OTHER MATERIAL THROUGH 
WHICH WATER CANNOT PASS 





Fig. 372. At the right end of this drawing are shown moist soil and 
saturated soil as they might look under the microscope. 


the particles to stick together a little. Yet there are air 
spaces between them. Moisture around each particle of 
soil provides water for plant roots, and the air spaces let 
the roots and soil bacteria get air. 

Another important fact about the water in soil is the 
way it moves. Of course you know that gravity pulls rain 
water downward through the soil and also makes it run 
off the surface of sloping ground. Water can_trun rapidly 
downward through sandy soil. Through clay soil it moves 
yery slowly. Through Igam it can move at_a medium rate. 

The water is pulled downward in the soil until it comes 
to a layer of rock or soil through which it cannot pass. 
Since it can go no farther, it remains between the particles 
of soil. The soil that is filled with water between its 
particles is said to be saturated soil, and the top of the 
saturated soil is called the water table. When gravity has 
pulled the water as far down as it can, the thin film still 
remains around each tiny particle of soil. 

Plant roots absorb water from the films around the soil 
particles. But, as you can readily see, the films touching 
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the roots are soon used up. What happens then? Can 
roots get some of the water that has sunk into the soil? 


EXPERIMENT 63. How Does Water Move toward Plant Roots? 
(a) Put two saucers side by side and fill one of them about half 
full of colored water. Put one end of a dry lamp wick into the 
water and let the other end extend into the dry saucer. Watch 
for several days to see what happens. Be sure the half of the 
wick in the dry saucer is dry at the beginning of the experiment. 

(b) Your teacher will put some very fine glass tubes of differ- 
ent diameters into some colored water. These tubes will be 
about ten inches long. Look closely at the tubes to see what 
happens. In which tube does the water rise the highest? In 
which does it stand the lowest? Make a statement about the 
diameters of the tubes and the height to which the water rose. 

(c) Tie a cloth over the top of a lamp chimney. Turn the 
chimney upside down and pack it full of very fine (screened) 
loam or clay soil. Stand the chimney full of soil in a pan that 
contains about an inch of water. Does the water rise above its 
own level in the soil? How high is it at the end of a half-hour? 
Of twenty-four hours? Does it reach the top? 


In the experiment you saw that water moved through 
the wick into the dry saucer. You also saw that water rose 
inside small glass tubes. And finally you saw water rise 
to the very top of a glass chimney full of soil. You make 
use of the same process every time you blot ink from a 
paper or dry your face with a towel. The process by which 
the water moves through small spaces in wicks, tubes, 
towels, blotting paper, and soil is called capillary action. 

Now you can understand how water moves upward and 
sideways in the soil. The tiny spaces between particles act 
as the capillary tubes did in the experiment. Rain water 
that has gone down below the plant roots can move up- 
ward for a distance of three or four feet to the drier soil 
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Fig. 373. This farmer is cultivating the soil with a disc harrow and 
a drag. In addition to preparing the soil for planting, such breaking 
up of the top soil helps keep moisture in the soil. 


around the plant roots. In the experiment you noticed 
that the water rose highest in the smallest tube and that 
it rose hardly any in the largest tube. The same thing is 
true of soil. The smaller the spaces are between the 
particles of soil, the higher the water will rise. In very 
large spaces it will rise hardly at all. | 

You have now learned that soil is best for farming 
when it is neither too wet nor too dry. Then each particle 
of soil is surrounded by a film of water, and air spaces are 
left between the particles. You have also learned that 
water can move upward and sideways by capillary action. 
The smaller the spaces between soil particles, the farther 
the water will move. Let us now see how farmers use 
these facts to keep their soil in good condition. 


Self-Testing Exercises 


1. Why is it important that the soil have just the right 
amount of water in it? 

2. What is the difference between the way water is held in 
the soil in saturated soil and in moist soil? 

3. How does capillary action provide water for plant roots? 
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Fia. 374. The Gunnison, Colorado, irrigation tunnel. This tunnel 
brings water from the Gunnison River, six miles away on the other 
side of the mountain. Two hundred thousand acres of land that was 
once desert have been turned into fine farms. 


OW DO FARMERS CONTROL THE AMOUNT OF MOISTURE 
H IN THE SOIL? In many parts of the world man has 
found vast stretches of good soil that needs only water to 
make it grow wonderful crops. In India and Egypt, in 
China and Japan, in Canada and the United States much 
soil cannot be used because less than ten inches of rain 
falls on it each year. Near much of this land are great 
rivers with plenty of water. From primitive times until 
the present, men have tried to find ways of getting water 
from the streams to the soil. 

Today in the United States more than 20,000,000 acres 
grow crops with water brought to them through zrrigation 
ditches and tunnels. The best engineers of the country 
have helped the government and private companies to 
build dams and tunnels for controlling water and send- 
ing it to the thirsty soil. The great Elephant Butte irriga- 
tion dam across the Rio Grande River stores enough water 
to cover the whole state of New York one inch deep. 
From many such dams water runs through canals, tun- 
nels, and ditches to farms where good crops are grown. 
Each farmer digs small ditches to carry water to his rows 
of plants. Running between the rows the water sinks into 
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Fie. 375. Irrigating celery on a farm in Venice County, Florida. 
Notice that the water is brought in pipes. (Ewing Galloway, N. Y.) 


the soil and reaches the plant roots. Great stretches of 
desert lands have been changed into rich farming regions 
by irrigation. 

In regions where the rainfall is between ten and twenty 
inches per year, crops can be grown without irrigation. 
However, the farmers must carefully save every bit of 
rain that falls. One plan they follow is called dry farming. 
In dry farming the top soil is kept loose and well broken 
up all the time. The large spaces in the loose upper soil 
keep. the water from reaching the surface by capillary 
action, where it would evaporate rapidly. Thus most of 
the water in the soil is saved for the plants. 

Another part of dry farming is carried out by letting 
each field lie idle, but cultivated, for one year out of every 
two or three. This allows every bit of rain to soak into 
the ground and prevents most of it from evaporating 
again. During the years when the land is idle, its store of 
water is being saved for the years when a crop is growing. 

Almost all up-to-date farmers use some of the features 
of dry farming to save soil moisture during the dry periods 
of summer. They cultivate their fields of corn, potatoes, 
cotton, and other growing crops to keep the upper layer 
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of the soil broken up and loose. Thus they prevent the 
rise and loss of soil water. 

In some parts of our country much valuable farm land 
is too wet for crops to grow well. For some reason the 
water cannot drain out of the soil, or it drains out so 
slowly that the farmers cannot plant their crops in time 
to grow during the warm season. On many farms open 
_ ditches are dug to allow the water to drain away quickly 
after a rain. However, experiments show that the best 
way to drain water from the soil of a farm is to bury tile 
drain pipes in the soil. 

These tile pipes are in short pieces from three to six 
inches in diameter. They are made of fired clay, much as 
bricks are made. Long lines of pipe laid end to end are 
buried in the soil at depths of from eighteen inches to 
four feet. The lines of tile must have a gradual slope so 
that the water will run through them easily. The lines 
are usually spaced from fifty to one 
hundred feet apart, depending on the 
kind of soil to be drained. Water 
seeps from the soil into the pipes 
through the joints and runs rapidly 
through the smaller tiles until it 
reaches a large pipe line or a stream. 

As you can see, laying tile drains 
is quite expensive. However, wet 
clay soils become much more fertile 
and can be cultivated much earlier 
in the spring when they are “‘tiled.”’ 
Therefore the cost of the tile may be 
more than equalled by better crops, 
or totally unusable land may be 





Fic. 376. Laying drain- 
made fit for use. age tile 
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Self-Testing Exercises 

1. How does breaking the surface of the ground keep mois- 
ture in the soil? 

2. What is dry farming? Explain. 

3. Make a list of the ways in which the amount of water in 
the soil is controlled. Mark with a star the ways used in your 
community. 


Problems to Solve 

1. Read in some Government Bulletin or reference book in 
order to learn more about tile drainage. List the advantages 
and disadvantages of this method of removing water from soils. 

2. What are some of the disadvantages of using open ditches 
to drain water from soils. (See pages 142-158 for one dis- 
advantage. ) 

3. Read in an encyclopedia or geography about dry farming. 
Find some places where this plan is used and learn what the 
principal crops are. Do the same for irrigation. 


OW IS SOIL KEPT FERTILE? Perhaps you have helped 
H your father spread fertilizer on the lawn or garden. 
Probably you knew that the fertilizer helped the plants 
to grow better. In fact, your father may have said, “If we 
don’t fertilize the lawn this spring, we won’t have any 
grass left.” What does fertilizer do to soil, and why do we 
have to fertilize our gardens and farms? 

Many a farmer has carefully cultivated his soil, planted 
seeds, and had perfect weather for growing, only to have 
his crops grow poorly. The plants were small, their stems 
and leaves were a sickly yellow-green, and the farmer 
received very little profit for his work. Today in our 
country there are thousands of acres of worn-out soil— 
soil that will not grow strong, healthy food plants. How 
can soil become worn out, or infertile, after a few vears of 
farming? You know that nature keeps soil fertile for thou- 











Fie. 377A . This Coryell County, Texas, Fic. 377B. When the proper 
cotton field produced small, spindling fertilizer was added to the 
plants with a poor yield of cotton, be- soil, the plants grew taller 
cause the soil lacked the needed ele- and thicker, and a fine crop 
ments for plant growth. Now look at — of cotton was gathered from 
Figure 377B. the plants. 


sands of years. Strong, healthy trees and other plants 
continue to grow on it without any care from man. 

As you already know, there are certain kinds of chemi- 
cals in soils. Some of these chemical substances dissolve 
and are used by plants as they grow. At least ten elements 
are necessary to make crops grow well. Of course, these 
elements must be in the form of compounds that ean dis- 
solve and be used by the plant. In soil that is not used for 
farming, the plants die after a time, and their minerals 
-are returned to the soil as they decay. In farming, how- 
ever, the plants are usually gathered and taken away. 
Thus the valuable minerals they contain are lost to the soil. 

Table 6 shows how much of certain important elements 
are taken from the soil each year by some common crops. 
You can easily see that removing these elements from the 
soil year after year would make the soil less fertile. An 
experiment done in England showed that when wheat was 
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Fie. 378» This pete shows how important certain minerals are to 
plant growth. In jars 2, 3, 4, and 5 the soil was the same, except that in 
jar 2 it lacked nitrogen, in jar 3, phosphorus, and in jar 4, potassium. 
In jar 5 all three minerals were present, and the plant grew tall and 
strong. Jars 6 and 7 show the growth of another kind of plant with 
and without nitrogen, the soil being the same in every other way. 


planted in the same field for several years, the yield was 
decreased by one-third. Other experiments show even 
greater losses in soil fertility. 


TaBLeE 6. APPROXIMATE Amounts oF ImporTANT MINERALS TAKEN 
FROM AN ACRE OF SOIL IN A SINGLE YEAR BY AVERAGE Crops* 




















ron Pounds of | Pounds of Pounds of Pounds of Pounds of 
Nitrogen | Phosphorus} Potassium | Magnesium] Calcium 
Wheat . 58 10 So 4 6.4 
Corn. 74 12 56 8 1g 
Soy-beans 108 15 48 ry 28.2 
Alfalfa hay 200 18 96 15 145.0 
Cotton . 102 18 59 











*From The Farm, by Eugene Davenport. Macmillan, 1927. 


Experiments have shown one reason why crops become 
poorer if the same kind of crop is planted year after year. 
The reason is that the same minerals are taken from the 
soil. If other crops are planted, different minerals may be 
taken from the soil. Some scientists believe that the roots 
of each kind of crop give off poisonous substances into the 
soil. When the same crop is planted year after year, these 
poisons accumulate and stop plant growth. If other crops 
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Fig. 379. On an experimental farm in Georgia this corn was grown 
‘to show the value of crop rotation. The corn at the left is growing in 
soil where corn was planted year after year. The tall, strong corn at 
the right is growing in soil that was used for other crops every two 
or three years. 


are planted, the poisons drain away, and later on the soil 
becomes fit for use again. 

When you remember how the soil is kept fertile under 
natural conditions, you can easily see one way in which 
farmers keep their soil fertile. They return to the soil as 
much as possible of the crops they raise. They ‘‘plow 
under” the corn stalks, cotton stalks, and straw left on 
the soil, instead of burning them. They scatter on their 
fields large amounts of manure from the farm animals, 
mixed with the straw used for “bedding.” Sometimes 
farmers even plow under an entire crop of clover, soy- 
beans, or rye. In these ways large amounts of valuable 
chemicals and humus are returned to the soil. 

Another way of keeping the soil fertile is by crop rota- 
tion. This is done by planting a different crop on a field 
each year. Wheat, oats, or other crops are alternated with 
legumes, such as clover, alfalfa, vetch, or soy-beans. As 
you learned earlier in your science study certain kinds of 
bacteria in the soil grow on the roots of legumes. These 
bacteria take pure nitrogen from the air and manufacture 
nitrogen compounds that can dissolve in the soil water 
and be used by plants. 
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Fic. 380. Scientists testing soil 
to find what it needs to make 
plants grow well. They have 
used a drill to get a sample from 
some distance below the top soil. 
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When legumes are cut, the 
roots are left in the ground. 
As they decay, the nitrogen 
compounds in them are added 
to the soil. This, of course, 
enriches the soil. This plan 
also avoids any bad effects 
caused by planting the same 
crop year after year. 

Experiments made over 
long periods of time show 
that crop yields have been 
increased by as much as fifty 
per cent by means of crop 
rotation. An example of a 
crop rotation worked out by 
one experimenter is: 

First year: Corn or cotton 
followed by clover in the fall. 

Second year: Wheat, bar- 
ley, or oats followed by clover 
or grass in the fall. 

Third Year: Repetition of 
first year’s crops, etc. 

Another plan of crop rota- 
tion that is very common in 


the central United States is as follows: First year: Corn. 
Second year: Wheat or oats. Third year: Clover or soy- 
beans. Fourth year: Repetition of first year’s crops, ete. 

The third common way of increasing the fertility of the 
soil is by adding commercial fertilizers. When a farmer 
thinks his soil needs fertilizer, his problem is to find out 
what elements the soil needs. One way to do this is to 
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send samples of his soil to the agricultural experiment 
station of his state. The scientists there will test the 
samples carefully and tell the farmer what the soil needs. 
However, rather simple tests have been worked out so 
that the farmer can buy a soil-testing “kit” and test his 
soil himself (Figure 380). 

Sometimes careful observation of the appearance of 
growing crops tells the farmer or the agricultural expert 
what is lacking in the soil. When he knows what elements 
his soil needs most, the kind of fertilizer that gives best 
results on his soil, and the kind of crop he wishes to grow, 
the farmer can select his fertilizer intelligently. 

Only three elements are likely to be lacking in the soil. 
These three are nitrogen, phosphorus, and potassium. In 
choosing his fertilizers, the farmer looks at tables lke 
Table 7. He then buys the fertilizers that give the ele- 
ments his soil needs and mixes them together before 
putting them on the land. Or he may buy fertilizer that is 
mixed ready to use and has the right amounts of the differ- 
ent elements in it. 


TABLE 7. AVERAGE COMPOSITION OF COMMON FERTILIZERS* 

















Per Cent oF ELEMENTS R 
: ATE AT 
(IN THE FORM OF COMPOUNDS) Woice Pama 
KIND OF FERTILIZER Phosphorus | a : LIZER BECOMES 
(as Phos- Nitrogen Si eye USABLE BY 
phoric Acid) (Potash) PLANTS 
Raw rock phosphate . . 28.0 A nee? Very slowly 
Ground, bone®:.. ... . 22.0 on Very slowly 
Nitrate of soda 16.0 Very quickly 
Dried blood . i, ie. 14.0 Medium 
lanka ve peer omeey .  *. 7.0 es Slowly 
IDIetes@akliy oy eee 6.0 9.0 ae Slowly 
Cottonseed meal. . . . 2.8 Ge 9.5 Slowly 
Sulphate of potash. . . ~ tags nha 48.0 Quickly 
Bresh:ashesia’ a 8... 0) 0: 1.9 Ue Sas Medium 














*Condensed and simplified from Crop Production, by H. D. Hughes and E. R. 
Henson. Macmillan, 1930, p. 193. 





Fic. 381. These men are spreading ground-up limestone on the soil 
of an Indiana farm to keep the soil from becoming acid, or sour. 


Sometimes crops do not grow well on soil because the 
soil has become sour or acid. When this difficulty is sus- 
pected, special tests can be made to make sure. One way 
is to press a lump of moist soil against a piece of blue 
hitmus-paper. If the litmus-paper turns pink, the soil is 
sour. This condition can usually be improved by good 
drainage and by using lime or ground limestone. Good 
drainage carries away the acids that are always being 
formed in the soil by plant roots. The lime causes a 
chemical change in the acids, turning them into substances 
that are harmless to plants. | 

The soil of our country is so important that large sums 
of money are spent each year to learn the best ways of 
taking care of it. At the present time the United States 
government 1s carrying on a tremendous program to pre- 
vent the loss of fertile soil from our farms. The results of 
careful study and hundreds of experiments are published 
in free bulletins and carried to farmers all over the country 
by speakers sent out from the experiment stations. 


Self-Testing Exercises 

1. Give two reasons why a field may become less fertile when 
the same crop is grown on it year after year. 

2. Why do good farmers “plow under’? much plant material 
and manure? — 
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_ Fig. 382. To get phosphorus for fertilizer, phosphate rock is dug up 
and crushed. Florida is the only state in our country where phosphate 
rock is found. 


3. What is crop rotation? Give an example. Why is crop 
rotation important in farming? | 

4. Why are legumes especially valuable to farmers? 

5. How does a careful and scientific farmer decide what 
fertilizer to use? 

6. How can acid soil be made more fertile? 


Problems to Solve 


1. Find in reference books plans of crop rotation that are 
different from the plans described in this book. Make a report 
on them to your class. 

2. Find out what legumes are grown on the farms in or near 
your community. 

3. Get some samples of commercial fertilizers and find out 
what their analysis shows, that is, the amounts of the three 
important elements in the fertilizer. 

4. Plan and carry out some experiments to see if the fertil- 
izers you get will make plants grow better. 

5. Obtain some blue litmus-paper from a school laboratory 
or from a drug-store. Then test samples of moist soil from your - 
locality to see if any are acid. 

6. Write to your state experiment station for bulletins on 
soil cultivation, drainage, and the use of fertilizers and lime. 
Report to your class any interesting new ideas you get from the 
bulletins. 
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Fic. 383. This boy is using a hand cultivator to keep the garden 
clear of weeds and to loosen the soil around the plants. 


Problem 2: 
HOW DOES MAN PROTECT HIS PLANTS AND ANIMALS FROM 


THEIR NATURAL ENEMIES? 

OW DO FARMERS TRY TO KEEP WEEDS OUT OF THEIR 
H crops? Did you ever have the job of keeping the 
weeds out of the garden as a part of your work about the 
home? You got rid of the weeds as thoroughly as you 
could; then you forgot all about them. Before long your 
mother asked if you had weeded the garden recently. You 
looked at the garden and were surprised to find that the 
weeds had grown again and that there were almost as 
many as when you first started. They seemed to grow 
as if by magic. 

The farmer’s problem is even greater than yours. He 
has to fight the weeds in fields that cover many acres. 
As you have learned, there is a constant competition be- 
tween plants for light, moisture, and minerals. Weeds 
fight our food plants for light, water, and minerals in 
the soil. Weeds are said to reduce the yield of corn in 
the United States by ten per cent. What the farmer 
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Fic. 384. Crop rotation also helps in the fight against weeds. Crops 
that are planted thinly, like corn, give weeds a chance to grow. But 
when they are followed by crops that are thickly grown, such as cow- 
peas or alfalfa, many weeds are smothered. You can easily see how 
this thick growth of alfalfa would keep weeds from growing in this 
orchard, in addition to adding valuable nitrogen to the soil. 


needs to do, then, is to keep the weeds from growing 
and competing with his crops. Some weeds and weed 
seeds mixed with grain and hay also reduce the price the 
farmer can get for these crops. 

Strange to say, however, farmers often plant weed 
seeds unknowingly. These seeds get mixed with the seeds 
of farm crops and are planted. Small grain seeds, such as 
wheat or oats, often contain seeds of wild onion, ragweed, 
quack grass, and other weeds. This can be avoided to 
some extent by buying seeds from reliable companies. 
Such companies usually label their bags of seeds to tell 
the percentage of weed seeds. For example, a purity tag, 
reading 99.9 per cent, would mean that one thousand 
seeds would contain only one weed seed. 

The farmer starts his fight against weeds with a handi- 
cap. The soil has many weed seeds in it from the previous 
year. These are ready to come up as soon as the spring 
rains and warm weather come. Thorough cultivation with 
harrows, special types of cultivators, plows, and hoes is a 
good way of fighting weeds. This cultivation must be 
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kept up at regular intervals so that the weeds will not 
have a chance to mature and produce seeds. Using such 
methods year after year helps to keep the number of 
weeds greatly reduced. 

Many other ways of destroying weeds have been tried. 
Pasturing land with hogs, cattle, sheep, or goats helps 
to destroy them. Some chemicals, such as salt, oil, and 
iron sulphate, have been used. Ma- 
chines that burn the weeds have been 
invented. Some kinds of weeds, such 
as Canada thistle and quack grass, are 
so difficult to destroy that special 
methods have to be used to keep them 
under control. (See page 449.) 


Self-Testing Exercises 


. Make a list of all the reasons you 
an iris of as to why farmers should 
ere weeds out of their crops. 
What is meant by “purity — of 
nine 
3. Without looking at your book, 
make a list of ways in which farmers 
Fic. 385. There are try to control weeds. After each item 
many kinds of this- j, your list, write one sentence to ex- 
les, and they are all plain how that method of destroying 
serious weed pests. 
weeds works. Put a star in front of the 


methods that you know are used in your community. 





Problems to Solve 


1. What seeds or crops raised in your community are most 
st to contain weed seeds? 
2. Suppose the officials of your county or city wish to set 
a pine for mowing weeds along the roadsides. What would be 
your recommendation as to the most favorable time? 
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OW CAN WE KEEP OUR INSECT ENEMIES UNDER CON- 
H TROL? Suppose the farmers of our country were to 
receive $2,000,000,000 more each year than they make 
now. How much better off they would be! If we could get 
rid of insects that damage crops, farmers would earn that 
much more money; for insects cause that amount of loss 
to farmers each year. Certainly you do not have to be 
. told anything more to show you that controlling insect 
pests is one of the biggest 
problems of farmers. How 
can scientists and farmers 
go about it intelligently? 

One of the first things 
entomologists (people who 
study insects) try to find 
out about insects is their 
life histories. You learned 
in Unit 10 that insects go | A 7 : 
through different stages as Fra. 386. Grasshoppers are very 
they mature. Entomologists destructive insects. This corn 
must know what the insects Plant has been chewed up by 
are like in each of these ey dat 
stages, where they live during these periods, and what 
they eat. Sometimes it is the larva that does the damage; 
sometimes it is the adult insect. When these things are 
known, methods of fighting the insects can be worked out. 
Some examples will make this clear to you. 

One destructive insect is the common stalk borer. The 
larvae (caterpillars) of the stalk borer injure corn, wheat, 
beans, potatoes, and other vegetables by boring into the 
stems of the plants and feeding there. Controlling them 
is difficult because the insects are inside the plant stalks 
during the period when it would be easiest to kill them. 
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Entomologists have learned the life history of the stalk 
borer. The eggs are laid on the stems of wild plants and 
stay there all winter. They hatch in May or June, and 
the larvae bore into stems of the wild plants. Later they 
migrate to cultivated crops 
and bore into the stems of 
those plants. In August 
these insects turn into pupae 
in their homes in the plant 
stems. About three weeks 
later they hatch into adults. 
Then they come out and lay 
their eggs on the stems of 
wild plants. By knowing 
their life histories, entomol- 
ogists have found the best 
way to control these pests. 
Burning wild plants in late 
autumn and early spring de- 
stroys the eggs and greatly 
reduces the numbers of the 
insects. 

Southern farmers have 
learned that cotton boll wee- 
vils do not grow into larvae 
until midsummer, when the 
weather is very warm. This 
is the stage when these 
insects do the most harm to cotton crops. If the farmers 
plant their cotton early so that it matures early, many of 
the cotton bolls will be too mature for the larvae to 
damage them. Just the opposite is true in other cases. 
Wheat will avoid much injury from the Hessian fly if it is 





Fic. 387. Life history of the stalk 
borer—adult, eggs, pupa, and larva 
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Fic. 388. Burning over a field to destroy corn borers 


sown late enough. The adult flies develop in the fall and 
~ die within a week or ten days. If the wheat is not planted 
until after the flies die, it will escape serious injury from 
these pests. 

Thorough cultivation of the soil at all times is a good 
way of fighting insects. In preparing the soil for planting 
many insects are killed. Others are killed during cultiva- 
tion while the crops are growing. Still others are exposed 
to unfavorable weather and to birds as the soil is turned 
over in plowing. 

Crop rotation helps control insects. For example, cer- 
tain kinds of wireworm larvae live in the ground during 
the winter. In the summer they mature and attack the 
roots of corn and other grain crops. Planting corn on the 
same plot of ground only once in 
every three or four years limits their 
food supply. Most of the insects 
then die, and a new supply is not 
hatched out to damage the corn 
plants. Wheat-straw worms, certain 
kinds of “grub worms,” and. other 
harmful insects may be controlled 
in a similar manner. Insects that 
damage plants are sometimes poi- 
soned with chemicals. Such poisons as 
as arsenate of lead, Paris green, and rr q oe ny eee 
lime-sulphur mixtures are used. Bren cotton bol. 
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Fra. 390. The chemicals used to poison insects are mixed with water, 
kerosene, or other .liquids and sprayed on the plants, or they are 
dusted on them dry. Sometimes airplanes are used to spread dust 
poison over large fields of plants. 


Were you ever stopped at some state border and asked 
if you had any plants in the car? In many states there are 
quarantine laws against taking plants into the state unless 
they have been thoroughly inspected for insect pests and 
plant diseases. Such a plan helps to keep insects and plant 
diseases out of states that are free of them. 

Did you ever see sticky bands of paper or cotton batting 
fastened around the trunks of trees? If you examined 
these bands closely enough, you may have found many 
insects sticking to them. One way of fighting spring and 
fall cankerworms that damage apple trees is by means of 
sticky bands. These bands keep the worms from getting 
into the trees and thus damaging the apple crop. 

Birds are of tremendous importance in helping control 
insects. Flycatchers, woodpeckers, swallows, orioles, cuck- 
oos, warblers, and many other birds depend upon insects 
for a large part of their food supply. Their ability to fly 
makes birds especially useful to the farmer. Swallows and 
flycatchers catch insects in the air while they are flying. 
Robins get their insect food off the ground, while nut- 
hatches and brown creepers catch insects on the bark of 
trees. Still other kinds of birds, warblers and orioles, for 
example, catch leaf-eating insects. 
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It has been estimated that 
100 bluebirds destroy 760,000 
insects in eight months. Of this 
number there would be 70,000 
moths and caterpillars (many 
of them cutworms that gnaw 
off the stems of young plants), 
12,000 leaf hoppers (that suck 
the juices of plants), 10,000 cur- 
culios (small grubs that make 
plums and cherries fall before 
they are ripe), and 65,000 crick- 
ets, locusts, and caterpillars. 

Scientists say that the birds in 
one state alone—the state of 
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Fia. 391. The gypsy moth is 
another destructive insect. 


Massachusetts—destroy 21,000 bushels of insects a day 


(each bushel containing about 120,000 insects) during the 





Fia. 392. A band of sticky paper 
to keep larvae from getting up 
to the leaves of the tree 


five months of late spring, 
summer, and early fall. 

The amount of damage 
that could be done by these 
insects 1s tremendous, and if 
they were allowed to go on 
living and reproducing, mil- 
lions more would be added to 
their numbers. It has been 
said that if it were not for 
the birds; in ten years man 
would be unable to keep alive 
on the earth; the enormous 
numbers of injurious insects 
would destroy. every green 
plant. 





Fic. 393. The Australian lady- 
bird beetle: (a) larvae feeding 
on cottony-cushion scale, (b) 
pupa, (c) adult beetle, (d) scale 
on a twig with beetles, larvae, 
and eggs 
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For these reasons birds 
should be protected, and they 
should be encouraged to nest 
in orchards and other favor- 
able places. Putting up nest- 
ing boxes, providing a supply 
of water, and protecting them 
from cats and other enemies 
are the more important ways 
in which the farmer and all of 
us can help birds. In turn, 
the birds will help us by eating 
insects that injure the plants 
we need for food. 

Sometimes insects are used 
to fight other insects that 
damage crops. These helpful 
creatures are known as pre- 
daceous insects because they 
prey upon other insects. 
A certain kind of insect that 
is covered by cotton-like pads 


once caused serious damage to the orange and lemon crops 
in California. This insect, called the cottony-cushion scale 
insect (Figure 393), damages orange and lemon trees by 
sucking the sap from the bark. 

Scientists learned that the Australian ladybird beetle 
feeds on these scale insects. Therefore Australian ladybird 
beetles were imported into our country in large numbers. 
These beetles have destroyed so many of the scale insects 
that they no longer seriously damage orange and lemon 
crops. Other kinds of ladybird beetles are used to fight 
insects that injure our melon crops. 
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The European ground beetle has been imported into 
the United States to check the damage done by gypsy 
moths. Gypsy moths have ruined millions of forest, fruit, 
and shade trees by eating the leaves from the trees. 


Self-Testing Exercises 


1. Write a paragraph telling in your own words why the life 
histories of insects should be known before an attempt is made 
to control these pests. If you can, give an example (other than 
those in the text) to illustrate your discussion. 

2. List the different ways of fighting harmful insects that 
are mentioned in the text. Put a star in front of the methods 
you have seen tried. 

3. What are predaceous insects? Name those that you are 
familiar with. 


Problems to Solve 


1. Does your state have plant quarantine laws? Try to find 
what they are. 

2. Make a list of insect-pest problems that need to be solved 
for your community. 

3. Try to collect the eggs, 
larvae, pupae, and adults of 
some common kind of insect 
pest. Label and mount these 
on cotton under glass for study 
in your class. } 

4. What birds in your com- 
munity are helpful in fight- 
ing insects? What insects? 

5. Collect pictures and 
make a booklet of birds in 
your community that destroy 





Fic. 394. A cutworm with a to- 


i ; mato stem that it has cut almost 
harmful insects. Give a de- off. The cutworm attacks the 


scription of each bird and tell stem of the plant below the sur- 
how it is helpful. face of the soil. 
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OW DOES MAN PROTECT HIS PLANTS FROM DISEHASES? 
Did you ever see a field of corn in which some of the 
ears looked like the one in Figure 395? This corn had 
a disease known as corn smut. You have learned that 
plants and animals are alike in. many ways. Another way 
in which they are alike is that 
they both have diseases. The 
greatest amount of injury is done 
to plants by disease caused by 
non-green plants, such as fungi 
and bacteria. They cannot make 
their own food; so they live on 
green plants and use the green 
plants for food. In this way they 
destroy or seriously injure the 
green plant. Many of these 
fungi and bacteria produce 
spores that scatter the diseases 
from one plant to another. 
Several methods of control- 
ling plant diseases are used. One 
method is to grow plants that 
can resist fungous diseases. For 
Fre. 395. Acorn earruined ¢Xample, it has been found by 
by corn smut experimentation that certain 
varieties of potatoes resist the 
attacks of fungi better than other varieties of potatoes. 
This is also true for different varieties of many other 
plants. If farmers select and grow the kinds of plants 
that the fungi cannot injure, their plants will stand a 
better chance of producing good crops. 
Certain kinds of organisms that cause plant diseases 
spend part of their lives on farm crops and part of their 
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lives on other plants. Wheat rust, which attacks the stems 
of wheat and destroys the plant, is a good example of this 
relationship. The rust first starts its growth on barberry 
bushes in the spring. Spores are produced, which are 
scattered by the wind, and fall on young wheat plants. 
Here the spore starts growth, and the mycelium enters 
the plant tissues, destroys the chlorophyll, and breaks open 
the stem of the plant. New spores are produced, and these 
fall on barberry bushes, 
where they start growth in 
the following spring. By 
destroying the  barberry 
bushes, the spread of the 
disease is controlled, be- 
cause the growth of the frye. 396. Apples ruined by apple 
spores on the barberry bush _ scab, a fungous disease 
is usually a necessary part 
of the life cycle. The parasite that causes crown rust of 
oats spends part of its life on oats and part of its life 
on buckthorn, a wild plant. When the buckthorn plants 
are destroyed, the disease-causing parasites cannot mature 
and produce crown rust to attack the oat crop. 
Sometimes certain disease-producing organisms live in 
the soil. For example, as soon as a crop of potatoes is 
planted, potato scab organisms may attack it. Mixing 
chemicals with the soil helps kill these organisms. From 
300 to 600 pounds of sulphur per acre has been used in 
controlling this disease. In other cases, where small 
amounts of soil are to be used, the soil is heated to kill 
any germs that are in it. Tobacco-raisers burn great piles 
of tree branches to heat the soil where they are going to 
plant tobacco seed. This kills the fungi that will injure 
the young plants. 
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Another method of fighting plant 
disease is treating the seeds with 
chemicals before they are planted. 
These chemicals kill the disease- 
causing spores or other organisms 
that may be sticking to the seeds. 
Small amounts of powdered chemi- 
cals thoroughly mixed with wheat, 
oats, and barley have been found 
to be a good way to control some 
smut diseases in these plants. Dif- 
ferent kinds of copper and mercury 
compounds are also used to treat 
seeds for certain diseases. 

Fie. 397. Brown-rot, a Crop rotation is helpful in fight- 
serious fungous disease of . : : < age) 
Beschaplimmencinnere mine plant diseases just as it is in 
trees, causes cankers on fighting insect enemies of plants. 
the stems and dries up When crops other than cotton are 
the fruit. planted for more than two years 
in fields where cotton wilt has been, the damage done by 
this disease is greatly reduced. When cotton is not 
grown, the disease germs cannot get food: therefore they 
die. The same is true of potato scab. A few diseases are 
so serious and hard to control that diseased plants must 
be removed and destroyed as fast as they appear. 





Self-Testing Exercises 


1. Make a list of ways of protecting plants from disease. 
Opposite each item in your list, write a sentence telling how the 
method works. 

2. How does the use of disease-resistant varieties of plants 
help control plant disease? 

3. How does crop rotation help farmers in their fight against 
plant diseases? — | 


see ae 
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Problems to Solve 


1. Make a list of common plant diseases that occur in your 
community. Find what methods are used to protect plants from 
each of these diseases. If possible, bring to class specimens of 
plants that have these diseases. Burn the plants when you are 
through with them. 

2. Ina good reference book find out more about how destroy- 
ing barberry bushes helps control black stem rust of wheat. 


OW DOES MAN PROTECT HIS ANIMALS FROM DISEASES 
H AND INSECT ENEMIES? Animals, as well as human 
beings and plants, have diseases, and in many cases these 
diseases can be cured or prevented. You probably remem- 
ber when you were vaccinated against smallpox. Animals, 
too, may be vaccinated and treated for diseases. I you 
have forgotten how we protect our 
bodies against diseases, read Unit 9 
again. It will help you to understand 
better how veterinarians (animal doc- 
tors) protect animals. 

Do you know that a disease known 
as blackleg kills over $6,000,000 worth 
of cattle every year in the United States? 
The great loss from this disease can 
be prevented by vaccination. From 
three to six million hogs in the United 
States die each year from cholera. Think 
how much more money the farmers 
would have if these hogs could be 
saved. And farmers can save these 
hogs, for hog cholera, like blackleg, can 
be prevented by vaccination. There are 





; ; Fic. 399. Inoculat- 
two kinds of vaccination against hog ing a hog with hog- 


cholera, single and double. cholera serum 
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Fic. 399A. The temperature of a healthy cow shows very little 
change after the cow is given the tuberculin injection. Now study the 
chart in Figure 399B to see what the test shows. 


The single vaccination with hog-cholera serum is used 
when the disease is already in the herd. Serum, you recall, 
is the clear liquid from the blood of animals that have had 
the disease. It contains antibodies that fight the cholera 
germs (see page 424). Single vaccination protects hogs for 
about three or four months. Then they can take the 
disease. In double vaccination both serum and virus are 
injected, but in different parts of the body. Virus is serum 
that has hog-cholera germs in it. When the germs in the 
virus get into the hog’s blood, the hog’s body makes anti- 
bodies to fight the germs. The serum quickly kills the 
cholera germs, so that the hog does not get cholera. The 
antibodies made by the hog’s own body stay in the blood 
for life, and the hog is immune to cholera. 

Another widespread cattle disease is tuberculosis. The 
great danger of this disease is that human beings can take 
it by drinking milk or eating meat from infected cows. 
One of the most serious fights against animal disease 
today is the fight against tuberculosis in cattle. Unfor- 
tunately, no treatment for this disease has been found. 
The sick animals must be destroyed. The tuberculin test 
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Fic. 399B. The temperature of a cow that has tuberculosis will rise 
a number of degrees within a few hours after the injection. 


is used to tell whether apparently healthy cattle have this 
disease (Figures 399A and 399B). 

Of course, there are many other kinds of animal diseases. 
But these examples show you how farmers can use scien- 
tific knowledge to protect their animals against disease. 

Animal parasites often injure livestock and sometimes 
even cause death. Ticks get into the hairy covering of 
cattle and sheep. In addition to irritating and weakening 
the animals, the ticks in some regions of our country carry 
germs of serious diseases. To get rid of ticks the animals 
are made to swim through a bath of insecticide that kills 
the pests, but does not injure the animals. 

Other examples of parasites are chicken mites and lice. 
Lice live in the feathers of chickens and irritate these birds 
by biting their skin. Dusting sodium fluoride through the 
feathers is a good way of preventing or destroying chicken 
lice. Mites stay in cracks between boards of the chicken 
houses, on roosting poles, and in other hiding-places dur- 
ing the day. At night they crawl on the chickens and suck 
their blood. Cleaning the chicken house thoroughly with 
a strong insecticide and whitewashing it to fill the hiding- 
place of mites usually gets rid of these pests. 





Fic. 400. These sheep are being made to swim through a trench full 
of a liquid insecticide. (Ewing Galloway, N. Y.) 


Someone has said that the best way to treat a disease 
is to prevent it. Animals are kept free from disease in 
much the same way that people are kept from becoming 
ill. One of the first things that can be done is to keep the 
living quarters of animals clean. Another way is to keep 
sick animals separated from the others as soon as they 
show signs of disease, that is, to quarantine them. Still 
another preventive measure is to quarantine for several 
weeks new animals that are bought. Any disease that they 
may have will probably develop during this time. Then, if 
they are free from disease, they can be turned in with the 
other livestock. 


Self-Testing Exercises 


1. What preventive measures have you seen used to help 
keep animals free from disease? : 

2. What is the difference between serum and virus? When is 
each used? 

3. Tellin your own words how chickens are protected against 
(a) mites, (0) lice. 


Problems to Solve 


1. I there is a veterinarian in your community, visit him and 
find what animal diseases of your locality are the most serious 
and how they are treated. 

2. Find how dairymen try to provide milk that is free from 
tuberculosis and other germs. Report to your class. 
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Fig. 401. This farmer is proud of his ton-litter of pigs. A ton-litter 
is a litter that weighs, in all, 2000 pounds or more 180 days after they 
are born. You may be sure that this farmer had to know how to feed 
the pigs in order to make them grow as they did. 


Problem 3: 
HOW DOES MAN SELECT FOOD FOR HIS ANIMALS? 

F YOUR school has a cafeteria, the person in charge plans 

the foods carefully to meet the needs of growing boys 

and girls. There must be foods to provide proteins, fats, 
carbohydrates, minerals, and vitamins. You need the 
proper amounts of these different food substances to make 
you grow and to give you energy to do your work. In 
other words, you need a balanced diet. In addition, the 
foods in a school cafeteria must be those that boys and 
girls like, and the cost must be reasonable. 

In your earlier science work you have studied why we 
need to eat different kinds of foods. If you need to refresh 
your mind about the different kinds of foods, read about 
them in Unit 10 of Book One before you study this 
problem. Also review Unit 8 of this book. 

However, this problem is not about the food of boys 
and girls, but about the food of farm animals. Does it 
seem strange to you to speak of planning a proper diet, or 
ration, for farm animals? It may seem strange, but suc- 
cessful farmers choose food for their animals with great 
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care. To grow properly, the animals must have the same 

kinds of materials in their food that you need in your 

food: proteins, carbohydrates, fats, minerals, and vitamins. 

OW IS THE PROPER FOOD SELECTED FOR DAIRY CATTLE? 

Let us first study about feeding the cows that pro- 

vide us with our milk. When you see the problems that 

need to be solved to feed dairy cows 

properly, you can understand the prob- 

lems that are connected with the feeding 
of any animal. 

If you were a farmer and had a herd 
of dairy cows, naturally you would be 
interested in making as much money as 
you could. If you were an up-to-date 
farmer, you would get some of the bul- 
letins on the feeding of dairy cows, pub- 
lished by the United States Department 
of Agriculture and by the state experi- 
ment stations. In these bulletins you 
would find all the information you would 
need to feed your cattle properly. This 
eee shine information has been obtained by ex- 
feed for livestock perimenting for many years with thou- 
onanexperimen- sands of cattle. 
tal farm in Wis- A cow is like all other living things 
aie in that she must have food to supply her 
needs. Inside the body of the cow many activities are 
constantly going on. Food is being digested, the muscles 
are moving, heat is being produced to keep up the body 
temperature, and new tissues are being manufactured to 
replace those that are worn out. The materials for the pro- 
duction of new tissue and for carrying on bodily activities 
must be provided; otherwise, the cow will lose in weight. 





Fia. 402. Grind- 
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By careful experiments the amount of food needed to 
keep the body of a cow in good condition has been de- 
termined. By consulting a chart the farmer can find how 
much food a cow of a certain weight needs to keep her 
body going. In addition, the cow must have the food 
necessary to make the milk. For this, too, the farmer can 
consult a chart in an experimental-station bulletin. So, in 
feeding a cow it is necessary to provide food for three pur- 
poses: (1) for building new tissues, (2) as a source of 
energy for body activities, and (3) to provide materials 
for the production of milk. 

When the farmer has found how much carbohydrates, 
fats, and proteins each animal needs, he can select and 
mix foods that will give the right amounts. Here again the 
farmer goes to charts in his bulletins. There he finds the 
results of chemists’ analyses of various foods. The com- 
position of a few common foods is given in Table 8. 


TABLE 8. CHEMICAL COMPOSITION OF COMMON ANIMAL Foops 





























100 Pounds of Dry Matter Protein Peg alti ha AMEN 
and Fat | Ratio 
Alfalia thayas ~~ -) 91.6 | Vas 0 42.3 1¢358 
Clover nay). 2: 84.7 6.8 39.6 1:4.7 
(Vormegrainee-. : 89.1 7.9 76.4 Peet -O7 
Cornpsilage- 20.9 9 12.9 1:14.3 
Linseed meal . . | 90.8 29.3 48.5 Lele 
Oatsieraing. oe! | 89.0 9.2 56.8 162 











You can see from this table that foods differ greatly in 
their composition. The first column, “Dry Matter,” shows 
the per cent of food material after the water has been 
taken out. For example, 8.4 per cent of alfalfa hay is 
water, and 91.6 per cent is dry matter. In the last column 
the nutritive ratio shows the ratio between the digestible 
proteins and the carbohydrates and fats combined. A 





Fia. 403. The rations for these cows on an Indiana farm are carefully 
weighed out at each feeding time, and records are kept of the kinds 
and amounts of feed. : 


nutritive ratio of 1:3.8 means that there are 3.8 times as 
much carbohydrates and fats as there are proteins. This 
ratio is figured out because it makes it easier to tell how 
to put the foods together properly to make a balanced 
ration for the animal. , 
The experimenters at the agricultural stations in differ- 
ent parts of the country get all of the information they 
can concerning all the food needs of animals. Then they 
make up many sample menus and feed different groups of 
cattle on each diet. They keep a careful record of the 
weight of the animal when the experiment started, changes 
in weight as the experiment progresses, and the weight of 
the milk produced. Hundreds of such experiments have 
been carried on. As a result, it is possible for the experi- 
ment stations to tell a farmer just what kind of menu to 
provide for his cows under all sorts of conditions. 
HAT PRINCIPLES SHOULD BE FOLLOWED IN FEEDING 
W ANIMALS? Now that you have seen the problems that 
must be solved to feed dairy cattle successfully, you can 
think about the principles that must be followed in 
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feeding all animals. First of all, we must feed the animal 
the kind and proper proportion of the food substances 
that are found in its body. Table 9 shows that these food 
needs vary with different animals. 


TABLE 9. SUBSTANCES IN LivE ANIMAL BopIEs 
































PER CENT OF SUBSTANCE 
Kinp or ANIMAL 
Protein Fats Mineral Water 
Well-icdinogs.. . . .,.. 15.0 24.2 2.9 57.9 
Well-fed sheep .... . 17.4 ToD 3.9 63.2 
Watecalves <6)... . . 16.5 14.1 4.8 64.6 
Grown steers well fed . . 19.2 8.7 5.9 66.2 











We must feed the animal the kind of food that it can 
eat and digest. For example, garbage is not fed to horses, 
or timothy hay to hogs. Second, the animal must have the 
proper combination and amount of roughage (bulky foods 
that help make the intestines work well) and concentrated 
food to keep the animal healthy. Third, the food must 
provide for the manufacture of new tissue and produce 
the energy needed by the animal. 

Fourth, the animals’ food must furnish the proper 
materials to make the product that we need from the 
animal. In the case of milk cows, this product is milk. In 
the case of sheep, the product may be meat or wool. In 
the case of chickens, the product may be eggs or meat. 
When we are fattening animals for food, proper food must 
be supplied to make the additional flesh. Finally, we must 
consider the cost of food, and select the kinds that will 
secure the results with the least possible cost. 


Self-testing Exercises 

1. Do you think that it is correct to say that selecting foods 
for farm animals is based upon the same principles as selecting 
food for people? Give reasons for your answer. 





Kia. 404. If you have ever traveled in the country, you have seen 
tall cylinder-shaped buildings near barns. They are silos for storing 
livestock feed. In this picture the men are cutting corn stalks into 
small pieces and storing them for winter feed. The tractor runs the 
cutter and the blower that blows the corn up into the silo. Many kinds 
of feed, such as alfalfa, soy-beans, and cowpeas, are stored in silos. 


2. Make a list of the different things that must be known 
before one can feed dairy cattle the proper food. Explain why 
each thing must be known. 

3. Why is experimentation necessary in learning how to feed 
animals? 

4. How would you find what kinds of food your chickens 
would need? 


Problems to Solve 

1. Visit a farm and find out how the farmer decides what to 
feed his animals. Compare what he tells you with the principles 
you have just studied. 

2. If possible, visit a dairy farm to find (1) how the milk is 
kept clean, (2) how the rations for the cows are planned, and 
(3) how the milk is tested. 

3. Make a report on the kinds of food fed to different farm 
animals. Explain, if you can, why different kinds of food are fed 
to different animals. 

4. If you have a pet animal, especially if you got it when it 
was young, tell how and what you fed it. 
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Fic. 405. An airplane view of a very fine set of farm buildings in 
Wisconsin. Study it carefully to note what kinds of buildings there 
are and how they are arranged. 


Problem 4: 


HOW DOES MAN PROVIDE PROPER HOUSING FOR HIS 
ANIMALS AND PLANTS? 


ow wovuLp you like to live in a dark, damp, cold 

house? Do you think that you would be happy in 
such surroundings or that you would grow to be strong 
and healthy? While pigs, cows, and chickens are not 
human beings, they enjoy a comfortable place to live. 
Aside from the fact that the animals we raise should be 
comfortable, we find that it pays to keep them comfort- 
able and contented. They eat more, grow faster, are 
healthier, and thus bring a higher price. Chickens will 
produce more eggs, and cows will produce more milk if 
their living quarters are properly designed. 

Certain problems must be solved in planning modern 
farm buildings. How to provide protection from the 
weather, how to secure ventilation and light, and how to 
provide proper sanitary conditions are among the most 
important problems that must be solved. Of course, It 
will be impossible for us to study all kinds of farm build- 
ings. Here you will study a few kinds of buildings as ex- 
amples of how animal-housing problems are solved. 
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Fic. 406. This Maine boy has made himself a steam-heated hotbed. 
He fills the tin tank with water, lights a fire under it, and the warm 
air and steam travel through the pipe to the hotbed. 


OW DOES MAN PROVIDE SHELTER FOR GROWING YOUNG 
H PLANTS? Did you ever see a hotbed like the one in 
Figure 406? These and cold-frames are used to protect 
growing young plants from the cold. They are so built 
that they allow light from the sun to enter, and they pro- 
vide a higher temperature than that found outdoors in 
early spring. For this reason plants can be started early 
in the spring while the outdoor temperature is too cold 


for growing plants. Later, when the temperature is warm 


enough outside, plants that have been started in hotbeds 
and cold-frames can be transplanted out-of-doors. 

Tomatoes, cauliflowers, peppers, cabbages, sweet pota- 
toes, and other vegetables are often started in hotbeds or 
cold-frames. Plants that mature quickly, such as radishes, 
lettuce, and spinach, are often grown in hotbeds until 
they are ready to use. Starting plants as early as possible 
has two advantages. Vegetables bring higher prices in the 
early spring; therefore it is desirable to plant them so that 
they will mature as early as possible. Plants that get an 
early start can often mature before their insect enemies 
have developed. This is, as you can see, another reason 
for the use of cold-frames or hotbeds. 

Let us examine a hotbed to see how it is made. A pit 
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Fic. 407. This hotbed on a Maryland farm contains little tomato 
plants ready to be taken out and planted. 


about two feet deep is dug into the ground and arranged 
so that water will not stand in it. Then manure from 
horse stables is put in the pit to a depth of about twenty 
inches. A layer of soil is placed on top of the manure. 
A frame, somewhat like a window-frame, is built around 
the bed. It should be higher on the north side than on the 
south. Window-sashes with glass in them are hinged to the 
north side of the frame for a cover (Figure 407). Finally, 
soil is banked up around the frame on the outside, and the 
hotbed is ready to plant. 

Hotbeds have a higher temperature than the out-of- 
doors for two reasons. First, the manure in the hotbed 
decays because of the action of bacteria upon it. A chemi- 
cal change takes place in the manure, and this change 
gives out heat. Second, radiant energy from the sun passes 
through the glass, and the soil absorbs it. You learned 
about radiant energy in Unit 5. This energy is changed 
into heat as it is absorbed by the soil, and the glass keeps 
the heat from getting out. 

A cold-frame works much like a hotbed, except that 
manure is not used. The frame and sashes are placed 
directly over the soil in which the seeds are to be planted. 
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Fig. 408. Greenhouses work like hotbeds or cold-frames except that 
artificial heat must be supplied, just as in your school-room. Green- 
houses sometimes cover several acres of soil and are used for growing 
vegetables and flowers for market all year round. 


Of course, cold-frames do not keep plants as warm as hot- 
beds. So they are sometimes used to “harden” very tender 
plants that are started in hotbeds. After being hardened 
in the cooler cold-frames, those plants will stand a better 
chance of surviving the cold when they are put outside. 


Self-Testing\ Exercises 


1. Use the scientific principles you have learned in explaining 
how a hotbed is kept warm. 
2. Give reasons why cold-frames are not so warm as hot- 


beds. Name some uses of cold-frames. 


Problems to Solve 

1. Make a list of buildings in your community (a) that are 
used to protect growing crops from cold, and (6) that are used 
to store crops. 

2. Find in some reference book what plants are started in 
hotbeds, cold-frames, or greenhouses. Report your findings to 
the class. Are any of these plants started in such places in your 
community? 

3. Find how field crops and orchards are protected from cold. 
Examples: Plants are covered with newspapers. Smudge fires are 
started in orchards. 
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4. With the aid of a book on farm buildings, draw a simple 
plan of a building for storing plants. 

5. Try to find the cost of building a silo. What materials are 
used for this purpose in your community? 


OW DO FARMERS PROVIDE PROPER LIVING QUARTERS 
H FOR THEIR ANIMALS? Did you ever go into a well- 
kept dairy barn or chicken house in winter? There was 
the clean smell of disinfectant, and fresh air was circu- 
~ Jating in the building. But the building was not cold. It 
was warmer than the air outside, and plenty of sunlight 
came in through the windows. Probably you thought, 
“No wonder these animals are profitable to the farmer 
with such a well-kept place to live!” 

The problem of providing proper living quarters for 
animals is much the same as providing storage and hous- 
ing for crops. Protection from weather, the proper tem- 
perature, ventilation, and sanitation are the chief things 
to consider. Comfortable house temperature for people 
varies from 65 to 75 degrees Fahrenheit, depending upon 
the amount of moisture in the air. However, a tempera- 
ture varying from 55 to 65 degrees is best for most farm 
animals. They are used to staying out-of-doors much of 
the time; so higher temperatures would be harmful. 

Let us study a dairy barn as an example of how proper 
housing is provided for animals. The floors should be made 
of concrete, and each cow should have an individual stall. 
In some places 400 cubic feet of space or more for each 
cow is necessary to meet requirements in producing clean 
milk. Most health requirements call for three square feet 
of window-glass space for each cow. This is necessary to 
give the proper amount of sunlight and ventilation. Venti- 
lation during very cold weather is provided in other ways. 
For example, large ventilators are placed on top of the 





Fic. 409. These Jersey cows on a West Virginia farm have concrete 
feeding troughs and a well-ventilated, clean barn. 


barn, and small openings are made in the walls near the 
floor. Dampers in these openings regulate the amount of 
cold air that comes in and the amount of warm air that 
goes out through the flues. : 

Watering-troughs should be placed in each stall, or there 
should be a large, central watering-trough inside the barn 
for use in cold weather. Cattle do not like to drink very 
cold water in the winter. So, if they have to drink outside, 
they will not drink enough water, and the amount of milk 
they give will be reduced. 

Well-placed stalls, gates, and doors help in getting the 
cattle in and out of the building. Probably you think that 
all of this is too much trouble, but you must remember 
that the dairy men are handling food for human beings. 
Therefore, as much care as possible should be taken in 
planning proper conditions for the cows. Also, dairy cows 
are bred for a high rate of milk production rather than for 
strength, and a dairy cow that is properly cared for is very 
efficient in her business. So these animals need proper 
housing and protection if they are to give the best returns 
for the money the farmer invests. 

Poultry-raising is another branch of farming that re- 
quires careful planning of buildings. Before you study the 
needs of chickens, let us learn something about the 
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Fia. 410. Notice that almost all of one side of this chicken house on a 
Pennsylvania farm can be opened for sunlight and ventilation. 


chickens themselves. Your normal body temperature 1s 
about 98.6° Fahrenheit, while the average temperature of 
a chicken is about 106°. When you are too warm, you 
perspire to get rid of some of the moisture. Did you ever 
see a chicken “pant” on a very hot day? Chickens have 
no sweat glands; so they must give off extra heat through 
their lungs. You breathe between twelve and fifteen times 
each minute, but a chicken breathes faster than you do. 

Another interesting fact about chickens is that they 
must have plenty of sunlight. The ultra-violet rays of sun- 
light help keep their bodies in good condition, and eggs 
will not hatch unless the hens have had plenty of sunlight. 
Also, lack of sunshine causes the eggs to have very thin 
shells, which is a great disadvantage in shipping or incu- 
bating them. Since you know these facts about chickens, 
you can understand why poultry houses must be so care- 
fully planned. 

Now let us see how the farmer meets these requirements 
in planning a house for his chickens. The building should 
face the south or southeast in order that it may get the 
most sunlight. It should be built on sandy loam soil, if 
possible, so that the yard will dry quickly because chickens 
suffer more from cold when the air is damp. About three 
square feet of floor space should be allowed for each 
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grown chicken. The poultry house should be about seven 
feet high, so that the farmer can move about easily. A 
higher roof would cause drafts and let the heat rise too 
high above the chickens. Temperature control depends 
upon the way the building is constructed, its location, 
and the kind of ventilation. The joints in the walls should 
be tightly made, and the roosts should be placed near the 
ceiling. You remember that warm air rises: so the chickens 
will be more comfortable if the roosts are high. The roost 
poles must be large enough so that the chickens can hold 
on to them easily. 

Ventilation is secured by means of windows facing the 
south. About one square foot of window space to each 
twelve square feet of floor space is usually considered good, 
but in warmer localities a part of the entire south wall 
may be left open. Humidity may be controlled by means 
of the windows, but, strangely enough, glass is not usually 
used in them. Glass lets sunlight through, but absorbs 
most of the ultra-violet rays. Instead of glass, burlap or 





Fic. 411. Against the wall and also near the roost, at the right, are 
the feeding troughs. On the floor, near the center, is a water tank for 
the chickens. These are White Leghorn chickens on an Indiana farm. 








se 


Fra. 412. Did you ever see a hog with a litter of fat, healthy little 
pigs about her? The pigs frisked about because they were healthy and 
well-kept. In this picture are some Hampshire hogs on an Indiana 
farm. Notice the hog houses in the upper left of the picture. 


muslin is stretched tightly over the window-sashes. This 
lets air pass through, helps regulate the humidity of the 
air inside, but does not absorb ultra-violet rays. On warm 
days the burlap-covered windows may be opened wide or 
even removed to let in the full amount of sunlight. 

Houses for hogs and their young present another type 
of problem for the farmer. Of course, the general require- 
ments of protection from weather and of sanitation and 
ventilation must be met. One way of doing this is to have 
movable hog houses, each one being just large enough for 
a sow and her pigs. These houses must be easily moved 
from place to place. Most individual houses, as they are 
called, are built on runners so that they can be pulled 
from place to place as they are needed. 

The walls are tight to keep out cold. The roof on the 
whole front side of the house is hinged at the top so that 
it can be opened. The entire front wall is a large double 
door hinged at either side. In this way the ventilation 
can be controlled, and the house can be opened for clean- 
ing and sunning. Rails, mounted like the bumper of an 
automobile, are sometimes placed around the inside of 
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Fig. 413. An individual hog house that is used in some parts of the 
United States : 


the house to keep the hog from lying on the pigs. A small 
door in one end lets the little pigs in and out when the 
mother must be kept in. 

Of course, all of the farm buildings you have studied 
should be painted to protect them from the weather and 
to help keep them clean. 

You can see now that a farmer must know a great deal 
to house and feed his animals in the best way. When you 
think back over all the things he needs to know and all 
the experiments that are done to discover these facts, 
you can see why agriculture has become a scientific occu- 
pation. Like any other business it requires study, scientific 
knowledge, and careful planning. | 


Self-Testing Exercises 


1. What is a desirable range of temperature in houses where 
animals are kept? Is this lower than temperature requirements 
for people? Explain. 

2. What conditions are necessary to keep dairy cows effi- 
cient milk producers? 
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3. List the facts about chickens that should be considered in 
planning a poultry house. Check with the text to see if you 
were correct. 

4. What are some of the requirements of houses for hogs, 
other than general requirements for any kind of animal? 


Problems to Solve 


1. Find what kinds of dairy cattle, chickens, horses, hogs, 
‘and other farm animals are raised in your community. Collect 
pictures of these kinds of animals, if possible, and make a scrap 
book giving the good and the bad points about each kind of 
animal. 

2. How do the problems of housing crops differ from those 
of housing farm animals? How are they alike? 


LOOKING BACK TO UNIT 11 


1. Write a two-page summary of the most important ideas 
that you have gained from studying this unit. Try to show how 
science has helped farmers solve their problems intelligently. 

2. Make a list of topics in this unit that you would like to 
learn more about. 

3. Show that you know the meanings of the following words: 


saturated irrigation sou analysis 

dry farming fertility commercial fertilizer 
crop rotation veterinarian predaceous insects 
tuberculin test roughage nutritive ratio 
capillary action pest vIrUs 


ADDITIONAL EXERCISES 


1. Make as long a list as you can of the advantages of crop 
rotation in farming. 

2. Make a list of all the different reasons for cultivating 
the soil. 

3. Draw a plan of a model farm, showing the location of 
buildings, fences, trees, roads, fields, and pastures. Make the 
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drawing on very large paper and use a scale to show sizes— 
1 inch equals 100 feet, for example. Use references if necessary. 
4. Below is a list of some of the most common weeds in the 
United States. Which of these are pests in your locality? Bring 
specimens to school and press and mount them for study. 


Bermuda grass dandelion pigweed Canada thistle 
hedge hindweed jimson weed ragweed common thistle 
broom sedge Johnson grass sandbur wild carrot 
cheat or chess __ prickly lettuce smartweed wild oats 
cockle-bur wild mustard — sow-thistle quack grass 


5. Make a list of reasons why you think certain animals or 
plants were winners at fairs you have visited. | 

6. Write to the United States Department of Agriculture, 
Washington, D. C., for a list of Farmers’ Bulletins. Select from 
this list any bulletins related to the topics on which you wanted 
more information for the preceding exercises. Try to get these 
bulletins for your school library. 

7. ‘Try to raise a vegetable garden or other crop or to care for 
some animal during your summer vacation. Use the principles 
you have learned in this chapter in caring for it. | 


READINGS IN SCIENCE 


HIS part of the book is to help you find interesting 
Ulesian% reading outside your textbook. The General 
Books named below are books that have parts on a great 
- many different scientific topics. Usually you can find what 
you want to read by looking for a topic or word in its 
alphabetical place or in the index. 

On page 548 there is a list of magazines that may 
interest you. Following the magazines are the Books on 
Special Topics. These books are of many different kinds. 
Some of them are interesting to read all the way through. 
A few are on topics in which you may be interested but 
that are not discussed in this book. Some of these books 
will be most useful when you want to find out more about 
some special topic for your own satisfaction and for re- 
ports to your class. Others give directions for making 
things and doing experiments. 

Probably you cannot find all these books or magazines 
in your school or public library, but almost every library 
will have some of those named or others very much like 
them. Ask your librarian how to look for them on the 
science shelf or in the card catalog of the library. 


I. GENERAL BOOKS 


Book of Knowledge (20 volumes). Grolier Society, 1931. 

Book of Popular Science (16 volumes). Grolier Society, 1931. 

Boy Scouts of America. The Official Scout Handbook for Boys, 1935. 

Compton’s Pictured Encyclopedia (15 volumes). F. E. Compton and 
@oxalos7: 

Girl Scouts of America. The Official Scout Handbook for Girls, 1933. 

World Book Encyclopedia (13 volumes). W. F. Quarrie and Co., 1934. 
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Il. MAGAZINES 


Current Science, American Education Press, Inc., 400 S. Front St., 
Columbus, Ohio. 

Junior Natural History, American Museum of Natural History, 
Central Park West at 79th St., New York, N. Y. 

Junior Scholastic, Scholastic Corp., Chamber of Commerce Building, 
Pittsburgh, Pa. 

National Geographic Magazine, National Geographic Society, Wash- 
ington, D. C. 

Nature Magazine, American Nature Association, 1214 Sixteenth St., 
N.W., Washington, D. C. 

Popular Mechanics, Popular Mechanics Co., 200 E. Ontario St., 
Chicago, Il. 

Popular Science Monthly, Popular Science Publishing Co., 381 Fourth 
Ave., New York, N. Y. 

Scrence Digest, Science Digest, Inc., 631 St. Clair St., Chicago, III. 

Science News Letter, Science Service, Inc., 2101 Constitution Ave., 
Washington, D. C. 

Scientific American, Munn & Co., Inc., 24 W. 40th St., New York, 
Nye 


lil. BOOKS ON SPECIAL TOPICS 
Unit 1: What Is the Relation of the Earth to Other Heavenly Bodies? 


Baker, R. H. Introducing the Constellations. Viking, 1937. 

Baker, R. H. When the Stars Come Out. Viking, 1934. | 

Fasre, JeEAN-Henri. This Earth of Ours (Chapters I, II, IV, VoOV iF 
VII, XII, XXIV). Appleton-Century, 1923. 

Faus, Sopura L. Beginnings of Earth and Sky. Beacon Press, 1937. 

Faru, Epwarp A. Through the Telescope. McGraw-Hill, 1936. 

Fontrany, Evena. Other Worlds Than This. Follett, 1930. 

Frost, Epwin B. Let’s Look at the Stars. Houghton, 1935. 

GrirritH, ALICE M. Stars and Their Stories. Holt, 1937. 

Harrison, Lucta C. Daylight, Twilight, Darkness, and Time. Silver, 
1935. 

Iuin, M. What Time Is It? Lippincott, 1932. 

Lewis, I. M. Astronomy for Young Folks. Duffield, 1932. 

Mosety, E. L. Other Worlds. Appleton, 1933. 

Oxcort, WixuraM. Field Book of the Skies. Putnam, 1936. 

Reep, W. M. The Earth for Sam (pages 3-16, 71-124). Harcourt, 1931. 

Reep, W. M. The Sea for Sam (pages 3-9, 27-39, 76-144). Harcourt, 
1935. 
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Reep, W. M. The Stars for Sam. Harcourt, 1931. 

Rirkry, Lian. Our Planet the Earth, Then and Now. Lothrop, 1934. 

WaASHBURNE, CARLETON AND Hewuiz. The Story of Earth and Sky 
(pages 3-12, 93-262). Appleton-Century, 1935. 

Wuire, W. B. Seeing Stars. Harter, 1935. 


Unit 2: How Is the Force of Gravity Useful to Us? 


Beess, C. W. Exploring with Beebe. Putnam, 1932. 

Breese, C. W. Half a Mile Down. Harcourt, 1935. 

Botton, S. K. Famous Men of Science (pages 10-46). Crowell, 1926. 

CorrLer, JosEPH, AND JAFFE, Haym. Heroes of Civilization (pages 98- 
107, 117-127). Little, 1931. 

CorrLer, JOSEPH, AND Jarre, Harm. Heroes of Science (pages 12-21, 
31-41). Little, 1932. 

Darrow, F. L. Masters of Science and Invention (pages 3-17, 327- 
335). Harcourt, 1923. 

Fasre, Jean-Henei. This Earth of Ours (Chapter II). Appleton- 
Century, 1923. 

Gam, Orro W. Romping through Physics (pages 9-12, 13-31, 32-42, 
51-54, 57-64). Knopf, 1934. 

Hyuanper, C. J. American Scientists (pages 171-173). Macmillan, 
1935. 

Huxuey, J. S., anp Anpraps, E. N. pa C. Simple Science (pages 103- 
131). Harper, 1935. 

Lanstne, M. F. Great Moments in Freedom (pages 145-152). Double- 
day, 1930. 

Meister, Morris. Living in a World of Science: Water and Arr. 
Seribners, 1935. 

Morr-Smiru, Morton. This Mechanical World (pages 90-106, 151- 
180, 207-218). Appleton-Century, 1931. 

Potiak, Janet. This Physical World (pages 11-33). Follett, 1930. 

Rowsoruam, F. J. Story-Lives of Great Scientists (pages 21-44, 65-80). 
Gardner, 1918. 

WASHBURNE, CARLETON anD Hexurz. The Story of Earth and Sky 
(pages 286-296). Appleton-Century, 1935. 

Wituams-Exuis, AMABEL. Men Who Found Out, Stories of Great 
Scientific Discoverers (pages 14-15, 25-60). Coward-McCann, 1930. 


Unit 3: How Does the Earth’s Surface Change? 


Brerz, Ruvour. How the Earth Is Changing. Follett, 1936. 
Fapre, JeAN-Henri. This Earth of Ours (Chapters VLEL Xxx 1 
eX LV LLL XX. XX XT). Appleton-Century, 1923. 
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Fenton, CARROLL LANE. Along the Hill. Reynal, 1935. 

FrnTON, CARROLL LANE, AND Patcu, E. M. Our Amazing Earth. 
Doubleday, 1938. | 

GaiL, Orro W. Romping through Physics (pages 5-10). Knopf, 1934. 

Hawks, Exuuison. Book of Natural Wonders. Loring, 1935. 

Hawxkswortn, Hatuam. Adventures of a Grain of Dust. Scribners, 
1922. 

Hawkswortu, HALiAm. Strange Adventures of a Pebble. Scribners, 
Le 

Haw.ey, Mary M. When All the Earth Was White. Christopher, 1938. 

Inn, Marsuax. Men and Mountains. Lippincott, 1935. 

JOHNSON, GayLorp. The Story of Earthquakes and Volcanoes. Messner, 
1938. 

Loomis, Freprricx B. Field Bool: of Common Rocks and Minerals. 
Putnam, 1923. 

Purnam, D. B. David Goes Voyaging (pages 41-44, 125-129). Putnam, 
1925. 

Rerep, W. M. The Earth for Sam (pages 44-70, 126-142). Harcourt, 
1931. 

Reep, W. M. The Sea for Sam (pages 10-26, 304-319). Harcourt, 1935. 

SMALL, S. A. The Boy’s Book of the Earth. Dutton, 1924. 

WASHBURNE, CARLETON AND Hewuiz. The Story of Earth and Sky 
(pages 13-25, 69-76). Appleton-Century, 1935. 


Unit 4: Why Do Some Things Rise and Others Sink in Fluids? 


ALLEN, C. B., AnD Lyman, L. D. Wonder Book of the Air. Follett, 1936. . 

Brecupotr, J. E. Modern Handy Book for Boys (pages 130-136). 
Greenberg, 1933. 7 

Brivers, T. C. VY oung Folks’ Book of Invention (pages 192-199), 
Little, 1926. 

Crump, Irvina. Boys’ Book of Airmen. Dodd, 1927. 

Darrow, F. L. Masters of Science and Invention (pages 306-313). 
Harcourt, 1923. 

Eapir, Tom. J Like Diving. Houghton, 1929. 

Fisk, Dororuy. Exploring the Upper Atmosphere. Oxford, 1934. 

FLoHERTY, Joun J. Guardsmen of the Coast. Doubleday, 1935. 

Fraser, CHELSEA C. The Story of Aircraft. Crowell, 1933. 

Gain, Orro W. Romping through Physics (pages 43-50). Knopf, 1934. 

Hawna, Paut R., anp Barry, Mary Evizaperu. Wonder F lights of 
Long Ago. Appleton-Century, 1930. 

Hopains, E., anp Macoun, F. A. Sky High, a History of Aviation 
(pages 15-52, 71-97, 105-109, 366-376). Little, 1935. 
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Lansina, M. F. Great Moments in Freedom (pages 51-58). Doubleday, 
1930. 

Meister, Morris. Living in a World of Science: Energy and Power 
(pages 106-119). Scribners, 1935. 

Pryor, W. C. Dirigible Book. Follett, 1936. 

Purnam, D. B. David Goes Voyaging (pages 53-56, 73-76, 79-81). 
Putnam, 1925. 


Unit 5: How Do We Use Energy? 


Bacu, Grorar. What Makes the Wheels Go ’Round? Macmillan, 1931. 

Brizre, Marrua B. Sparky-for-Short. Coward-McCann, 1930. 

Cuarkk, C. R., anp Sma, S. A. Boys’ Book of Physics (pages 49-70). 
Dutton, 1922. 

Hine, Lewis Wickes. Men at Work. Macmillan, 1932. 

Hopatns, Ertc, anp Macoun, F. A. Behemoth, the Story of Power. 
Doubleday, 1932. 

Jones, WILFRED. How the Derrick Works. Macmillan, 1930. 

Mersrer, Morris. Living in a World of Science: Energy and Power 

(pages 131-141, 120-130). Seribners, 1935. 

Mort-Smiru, Morton. This Mechanical World (pages 207-218). 

Appleton-Century, 1931. 

Naumpurc, Ersa H., Lampert, Ciara, AND MitcHEe.i, Lucy 
SpraGcukn. Skyscraper. Day, 1934. 

PouuaK, Janet. This Physical World (pages 34-47, 57-66). Follett, 
1930. 

Wessrer, Hanson. Travel by Air, Land, and Sea. Houghton, 1933. 





Unit 6: How Do We Control Heat? 

Cruarkk, C. R., anp Smatt, S. A. Boys’ Book of Physics (pages 145- 
163). Dutton, 1922. 

Gipson, C. R. Scientific Amusements and Experiments (pages 100- 
118). Lippincott, 1926. 

Gorpon, B. F. Prove It Yourself (pages 7-22). Owen, 1928. 

Huxtey, J.S., anp ANpRADE, E. N. pa C. Simple Science (pages 279- 
317). Harper, 1935. 

Meister, Morris. Living in a World of Science: Heat and Health 
(pages 146-160). Scribners, 1931. 

Morean, A. P. Boys’ Home Book of Science and Construction (pages 
209-255). Lothrop, 1921. 

Morr-Smiru, Morron. Heat and Its Workings. Appleton-Century, 
1933. 

Poutiak, Janet. This Physical World (pages 48-56, 82-87). Follett, 
1930. 
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Unit 7: What Makes the Weather Change? 


Boy Scouts or America. Weather. Boy Scouts of America, 1929. 

Brieuam, A. P., anp MacFartang, C. T. How the World Lives and 
Works (pages 50-88). American Book, 1935. 

Brooks, C. F. Why the Weather? Harcourt, 1935. 

FrperaL Writers’ Prosecr. New England Hurricane: A F actual, 
Pictorial Record. Hale, 1938. 

Gorvon, B. F. Prove It Yourself (pages 201-214). Owen, 1928. 

Hawks, Exuison. Book of Natural Wonders (pages 72-92). Loring, 
1935. 

Heitz, Maryanna. The World’s Moods. Follett, 1930. 

Humeureys, W. J. Weather Proverbs and Paradoxes. Williams and 
Wilkins, 1934. 

Parcu, E. M., anp Hows, H. E. Work of Scientists (pages 29-61). 
Macmillan, 1935. 

PICKWELL, GAYLE. Weather. Hugh F. Newman, 1937. 

Reep, W. M. And That’s Why. Harcourt, 1932. 

Roaers, Frances, AND Brarp, Atice. Fresh and Briny: the Story of 
Water as Friend and Foe. Stokes, 1936. 

SHENTON, E. Couriers of the Clouds (pages 159-168). Macrae-Smith, 
1936. 

TauLMAN, CHARLEs Firzuucu. A Book about the Weather. Blue Ribbon, 
1935. 

Van CiEEr, EvGene. Story of the Weather. Appleton, 1939. 


Unit 8: How Do Our Bodies Work? 


AnpDREss, J. M., anp Evans, W. A. Practical Health Series, Vol. 2. 
Ginn, 1933. 

Barucu, Dororuy, AnD Reiss, Oscar. My Body and How It Works. 
Harper, 1934. 

Burxuart, H. J. Care of the Mouth and Teeth. Funk, 1928. 

Corrier, JosEpu. Heroes of Civilization (pages 251-259). Little, 1931. 

Corrter, JosepH, AND Jarre, Haym. Heroes of Science (pages 93- 
101). Little, 1932. 

Houxtey, J.S., anp Anprapkg, E. N. pa C. Simple Science (pages 179- 
278). Harper, 1935. 

Rowxzotuam, F. J. Story-Lives of Great Scientists (pages 47-62). 
Gardner, 1918. 

Turner, C. E. Physiology and Health. Heath, 1935. 

Wittiams-Etuis, AMapet. Men Who Found Out, Stories of Great 
Scientific Discoverers (pages 61-84). Coward-McCann, 1930. 
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Unit 9: How Can You Help Your Body Fight Disease? 


Apsot, CHARLES G. Everyday Mysteries (pages 30-41). Macmillan, 
1923. 

Benz, Francis E. Pasteur, Knight of the Laboratory. Dodd, 1938. 

Botton, S. K. Famous Men of Science (pages 270-286). Crowell, 1926. 

BroapHurst, JEAN. Home and Community Hygiene (pages 172-183). 
Lippincott, 1929. 

Cortier, JosepH. Heroes of Civilization (pages 269-277, 278-286, 
287-295, 296-306). Little, 1931. 

Corr LER, JOSEPH, AND JAFFE, Haym. Heroes of Science (pages 120- 
128, 138-148). Little, 1932. 

Darrow, F. L: Masters of Science and Invention (pages 125-127, 186- 
197, 336). Harcourt, 1923. 

De Krutr, Pauu. Men Against Death. Harcourt, 19382. 

Dr Krutir, Pauw. Microbe Hunters. Harcourt, 1926. 

Downing, E. R. Science in the Service of Health. Longmans, 1930. 

Hauuock, G. T., anp Turner, C. E. Edward Jenner. Heath, 1928. 

Hotway, Horr. The Story of Health. Harper, 1931. 

Hurcuinson, Woops. New Handbook of Health (pages 329-353). 
Houghton, 1934. 

Lansina, M. F. Great Moments in Freedom (pages 203-211). Double- 
day, 1930. 

Payne, E. G. We and Our Health. American Viewpoint Society, 1936. 

Reep, W. M. The Earth for Sam (pages 17-43). Harcourt, 1931. 

RowsoruaM, F. J. Story-Lives of Great Scientists (pages 217-227, 245- 
255). Gardner, 1918. 

StepHenson, M. B. The World of Invisible Life. Follett, 1934. 

Wiuitams-Exuis, AMABEL. Men Who Found Out, Stories of Great 
Scientific Discoverers (pages 155-207). Coward-McCann, 1930. 

Witson, SHERMAN A. Descriptive Chemistry (pages 185-223). Holt, 
1936. 


Unit 10: How Does Life Continue on the Earth? 


Atkinson, G. F. First Studies of Plant Life. Ginn, 1925. 

Brab.ey, J. C. Insect Life. Boy Scouts of America, 1931. 

Bronson, WiurFrip S. Polliwiggle’s Progress. Macmillan, 1932. 

Daauisy, Eric Fircu. Animals in Black and White. Morrow, 1938. 

De ScHweEInitz, Karu. Growing Up; the Story of How We Become 
Alive, Are Born, and Grow Up. Macmillan, 1935. 

Fox, Frances Maraaret. Flowers and Their Travels. Bobbs-Merrill, 
1936. 

Gaaemr, C. 8. The Plant World. University Society, 1931. 
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Kenty, JULIE Crosson. Green Magic (pages 1-9, 129-141). Appleton- 
Century, 1930. 

Kenty, Juin Crosson. Little Lives, the Story of the World of Insects. 
Appleton-Century, 1938. 

Lippincott, JosepH WuHarron. Animal Neighbors of the Countryside. 
Lippincott, 1938. 

Mackinnon, Doris L. The Animal World. G. Bell and Sons, 1936. 

Morean, Ann Haven. Field Bool; of Ponds and Streams. Putnam, 
1930. 

Patrcu, E. M., anp Howe, H. E. Work of Scientists (pages 191-212). 
Macmillan, 1935. 

Quinn, Vernon. Seeds: Their Place in Life and Legend. Stokes, 1936. 

STRAIN, Mrs. Frances Bruce. Being Born. Appleton-Century, 1936. 
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Ciemens, Nancy. Under Glass. Longmans, 1937. 

Dopp, Karuertne E. The Early Farmers. Rand, 1929. 

Du Puy, Witu1am A. Our Insect Friends and F oes. Winston, 1925. 

Du Puy, Wituram A. Our Plant Friends and Foes. Winston, 1930. 
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Reinhold, 1938. 
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SCIENCE WORDS 


ERE is a list of the important science words in this 

book, with the pronunciation and the meaning of 
each one. The marked letters in parentheses are sounded 
according to the letters in the following list of sample 
words. The accented syllable is marked 7”. This lighter 
mark /’ shows a lighter accent. 


a at, can é be, equal 9 actor, second 
& came, face é her, certain o1 oil, point 
i far, father e towel, prudent ou out, found 
4 all, ball Ie i beapin S nausea 
a ask 1 line, mine t picture 
a care, dare oO on, not fH then, they 
a alone, company 6 more, open u up, but 
i beggar, opera Oo to, move u use, pure 
e end, bend 6 off, song u put, full 
u nature 


A single dot under 4, é@, 6, 6, or i means that the 
sound is a little shorter and lighter, as in cot/tage, 
ré-diice’, gas/’6-line, in/t6, i-ni/ted. 


adhesion (ad-hé’zhon): | sticking together of two different sub- 
stances. 

adolescent (ad-6-les’ent): growing up to manhood or woman- 
hood; person from about 13 to 18. 

air sac: one of the tiny air spaces of alung. Each air sac is at the 
end of a tiny branch of a bronchial tube. 

alimentary (al-i-men/’ta-ri) canal: the parts of the body through 
which the food passes while it is being digested. 

altimeter (al-tim/’e-tér): an instrument that measures changes in 
the height above sea-level. 

anemometer (an-é-mom/e-tér): an instrument that shows the 
speed of the wind in miles per hour. 

anther (an’thér): the part of the stamen that bears the pollen. 

antibodies (an/ti-bod-iz): chemicals produced in the blood of an 
animal or man that help overcome germs or their poisons. 

antiseptic (an-ti-sep’tik): a substance that kills or prevents the 
growth of germs. 
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antitoxin (an-ti-tok’sin): a substance formed in the body that 
acts against the poisons produced by germs; a substance manufac- 
tured by an animal having a certain disease and that can be in- 
jected into the body of another animal to assist in the neutraliza- 
tion of poisons given off by germs. 

anus (4/nus): the opening at the end of the alimentary canal, 
through which waste material and undigested food pass. 

aorta (a-dr/ti): the main artery that carries the blood from the 
left side of the heart to all parts of the body except the lungs. 

Archimedes’ (ir-ki-mé/déz) Principle: An object placed in a 
fluid is buoyed up (pushed upward) by a force equal to the weight 
of the fluid that it displaces. 

artery (ir/te-ri): a blood vessel that carries blood from the heart. 

astrology (as-trol’d-ji): a false science that claims to determine 
the influence of the stars and planets on persons, events, etc.: 
studying the stars to foretell what will happen. 

astronomy (as-tron’6-mi): the science of the sun, moon, planets, 
stars, etc. 

atmosphere (at/mos-fér): the air that surrounds the earth. 

atmo spheric pressure (at-mos-fer/ik presh/tr): the force with 
which the atmosphere presses on things. To scientists it is the 
force on a unit area, such as one square inch. Atmospheric pres- 
sure at sea-level is about 15 pounds per square inch. 


bacillus, plural ba cil li (ba-sil’us, ba-sil7i): any of the cylinder- 
shaped bacteria. 

bac te riol o gist (bak-té-ri-ol/d-jist): one who studies bacteria. 

barograph (bar/’6-graf): a recording barometer that makes a graph 
of air-pressure. ; 

barometer (ba-rom/e-tér): an instrument for measuring the pres- 
sure of the atmosphere. 

bathysphere (bath/i-sfér): a heavy steel sphere from which deep- 
sea observations are made. 

biceps (bi’seps): large muscle in front part of upper arm. 

biennial (bi-en/i-al): a plant that requires two growing seasons to 
complete its life cycle. 

bile (bil): a bitter yellowish liquid secreted by the liver. Bile 
aids digestion. 

botanist (bot/a-nist): a scientist who studies plants and plant life. 

bronchial (brong’ki-al) tube: the two large, main branches of 
the windpipe and the small branches of each of these. 


cambium (kam/bi-um): a layer of delicate growing cells between 
the bark and wood of trees and shrubs, that divide to form new 
wood and bark. 

capillary (kap/i-la-ri): a tiny blood tube that connects an artery 
with a vein. 
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cartilage (kiir’ti-laj): gristle; a firm, elastic, flexible substance 
forming parts of a skeleton. 

centrifugal (sen-trif’i-gal) force: the force that makes whirling 
things fly away from the center. 

chitin (ki/tin): a hard material in the outer covering of animals 
such as insects, crabs, lobsters, etc. 

cholera (kol/e-rii): a serious disease of the digestive organs. 

cilia (sil’i-i): microscopic living, moving hairs, such as those that 
cover the linings of the breathing passages. 

cirrus (sir/us): tufted, thread-like, or feather-lke clouds. 

clinic (klin’ik): a place for medical instruction and treatment. 

coccus, plural cocci (kok/us, kok/si): a ball-shaped bacterium. 

cocoon (ko-kén’): a silky case or shell made by worms and cater- 
pillars to live in while they are turning into moths or butterflies. 

conduction (kon-duk’shon): the movement of heat from molecule 
to molecule through a material. 

conglomerate (kon-glom/’e-rat): a rock made of pieces of gravel 
held together by crystals of dissolved minerals and great pressure. 

cohesion (k6-hé’zhun): the sticking together of the molecules of 
a given kind of substance. 

connective tissue (ko-nek/tiv tish’76): a substance in the bodies 
of men and animals that connects, supports, or surrounds other 
tissues and organs. 

constellation (kon-ste-li’shon): a group of stars. 

convection (kon-vek’shon): the movement of heat in a liquid or 
gas by means of currents from hotter to colder bodies. 

cor puscle (kor-pus-l): a cell, either red or white, in the blood. 
The corpuscles are the solid part of the blood. 

cotyledon (kot-i-lé7don): one of the first leaves of the embryo 
plant in a seed. In corn and bean seeds the cotyledons are thick- 
ened with a store of food for the young plant. 

cross-pollination (krés’pol-i-né’shon): carrying pollen from the 
flower of one plant to the stigma of a flower of another plant of 
the same kind. 

culture (kul/tir): some jelly or liquid in which a certain kind of 
bacteria (or other organism) is growing for some purpose. 

cumulus (ki/’mi-lus): a dome-shaped cloud with a flat base. 


density (den/si-ti): the amount of material in a unit volume of 
a substance, such as the number of pounds of wood in a cubic foot. 

dentine (den/’tin): bony material beneath the enamel of a tooth. 

dew point: the temperature of the air at which dew begins to form. 

diagnosis (di-ag-n6/sis): deciding what disease a person has by 
studying him; determining the nature of any condition by an 
examination of it and its symptoms. 

diaphragm (di’a-fram): a partition of muscles and tendons sep- 
arating the cavity of the chest from the cavity of the abdomen. 
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diastrophism (di-as /tro-fizm): the rising and falling of the earth’s 
surface and other changes in the positions of rocks. 

dicotyledonous (di ‘kot-i-lé’don-us) plant: a plant with an em- 
bryo that has two cotyledons. 

diffusion (di-fi7zhon): the moving of a material from one place 
to another by the bouncing of the separate molecules. 

digest (di-jest’” or di-jest’): change food in the stomach and in- 
testines so that it will dissolve and the body can use it. 

dislocation (dis-lo-ka/shon): being put out of joint. 

dis place ment (dis-plas /ment): the weight of water (or other 
liquid) pushed aside by a ship or other floating body. It is 
equal to the weight of the floating body. 

duct: a tube or canal for carrying liquid. 


eclipse (é-klips’): passing from sight because light is cut off. 

embryo (em/bri-6): an animal or plant in the earlier stages of its 
development, or before birth or germination. | 

endocrine (en/d6-krin or -krin): pertaining to certain glands in 
the body that put their secretions into the blood. 

energy (en/ér-ji): power to make matter move or change. 

ento mologist (en-td-mol/6-jist): a scientist. who studies insects. 

epidemic (ep-i-dem’ik): the rapid spreading of a disease so that 
many people have it at once. 

epiglottis (ep-i-glot’is): a flap that covers the top of the wind- 
pipe during swallowing, so that food does not get into the windpipe. — 

erosion (€-r6’zhon): an eating away or a wearing away. The 
surface of the earth is eroded by the action of water, ice, and wind. 

esophagus (é-sof’a-gus): the passage for food from the mouth 


to the stomach; the gullet. 


fault: a break in rocks that allows them to move past each other. 

feldspar (feld’spiir): a dull, somewhat transparent mineral found 
in granite. 

fer tiliza tion (fér’ti-li-z4’shon): the uniting of the nuclei of male 
and female reproductive cells. 

filament (fil’a-ment): very fine thread or thread-like structure; 
in a flower the part of the stamen that supports the anther. 

fission (fish’on): splitting into parts; reproduction of a one-celled 
plant or animal by division of the cell. 

fluid (flé’id): any substance, either gas or liquid, that will flow. 

force: a push or pull that tends to set a body in motion or to stop 
a body that is already moving, or to change the direction in 
which a body is moving. 

fossil (fos/il): the hardened remains of an animal or a plant. 

friction (frik’shon): rubbing of one thing against another; re- 
sistance to motion of surfaces that touch each other. 
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fulcrum (ful”krum): the support on which a lever turns in moving 
something. . 

fumigation (fi-mi-gi’shon): exposing to smoke or fumes, as in 
disinfecting. 


galaxy (gal’ak-si): an arrangement of countless stars in a group. 

gall bladder (gal’blad’ér): the sac that receives the gall or bile 
from the liver. 

gastric (gas/trik) juice: the digestive liquid produced by glands 
in the wall of the stomach. 

geologist (jé-ol’6-jist): a scientist who studies the structure and 
changes of the earth. 

germ (jérm): a one-celled, microscopic plant or animal that causes 
disease, as the germ of scarlet fever. 

germicide (jér’mi-sid): something that kills germs. 

germination (jér-mi-né’shon): the starting of growth in a pollen 
grain or seed. 

gland: a group of cells that makes and gives out some substance. 

glottis (glot/’is): the opening at the upper end of the windpipe. 


gram: a unit of weight in the metric system; about #9 of an ounce. 

gravitation (grav-i-ta’shon): the fact that the earth pulls all 
things toward it and that the sun, moon, stars, and planets do 
the same; the force or pull that makes bodies in the universe 
tend to move toward one another. 

gravity (grav/i-ti): the force that pulls things toward the earth. 

gristle (gris/l): hard elastic tissue; cartilage. 


hemoglobin (hem-6-gl6’bin): the red substance in the blood. 

humidity (hi-mid/i-ti): the amount of moisture in the air. 

humus (hi’mus): the part of soil that is made from decayed and 
decaying plant or animal material. 

hy drometer (hi-drom/e-tér): an instrument for finding the density 
of a liquid. 

hy drosphere (hi/dr6-sfér): the name given to all the water on 
the earth taken together. 

hy pothesis (hi-poth’e-sis or hi-poth’e-sis): the best solution that 
can be thought of for a problem at any given time; a statement 
that cannot be proved to be true, but that offers the best explana- 
tion for the known facts. 


igneous (ig/né-us) rock: rock that has melted and hardened. 

immune (i-mtin’): not susceptible. A person who is immune to 
a contagious disease does not take it even though he gets some 
of the germs in his body. 

im per vious (im-pér/’vi-us): not letting a thing pass through. 

incubate (in’ki-bat): sit on eggs to hatch them; warm eggs or 
bacteria by artificial heat to cause them to develop. 
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incubation (in-ki-ba’shon) period: the time between infection 
and the appearance of the symptoms of a disease. 

inertia (in-ér/shii): tendency of all objects to stay still if still, 
or, if moving, to go on moving in the same direction, unless 
acted on by some outside force. 

infection (in-fek’shon): taking or getting germs into the body. 

infectious disease (in-fek’shus di-zéz’): a disease caused by 
growth of germs in the body. Many infectious diseases can be 
spread from one person to another. 

insulator (in’si-la-tor): material that prevents the passage of 
electricity or heat; non-conductor. 

intestine (in-tes’tin): a part of the alimentary canal. 

isobar (i/’s6-bir): a line on a weather map connecting places hay- 
ing the same atmospheric pressure (barometer reading). 

isolate (is’6-lat or i/sd-lat): place apart. 

isotherm (i’sd-thérm): a line connecting places that have the 
same temperature. 


kidney (kid/’ni): one of the pair of organs that separate waste 
matter and water from the blood and pass it off through the 
bladder in liquid form. 

kilogram (kil’6-gram): a standard of weight in the metric system 
equal to 1000 grams or about 2.2 pounds. 

kinetic (ki-net/ik or ki-net’ik) energy: the form of energy that 
all moving objects have. 


lacteal (lak’té-al): one of the tiny tubes that takes a milky fluid ° 
containing digested fats from the small intestine to be mixed 
with the blood. / 

larva, plural larvae (liir/vi, lir’vée): the grub or caterpillar of 
an insect from the time of leaving the egg until it becomes a pupa. 

larynx (lar/ingks): the upper end of the windpipe, where the vocal 
chords are. 

latitude (lat7i-tid): distance north or south of the equator, 
measured in degrees. 

lava (li’vi): melted rock that flows from volcanoes or through 
great cracks in the earth. 

lens (lenz): glass or glass-like material so made as to bring closer 
together or send wider apart the rays of light passing through it. 

life cycle (si’kl): all the stages in the life of an organism from a 
fertilized egg to an adult. 

ligament (lig’a-ment): a band of strong tissue that connects 
bones or holds parts of the body in place. : 

light year: the distance that light travels in one year. 

lithosphere (lith’d-sfér): the main solid part of the earth, com- 
posed of rocks and soil. 

liver (liv’ér): the large reddish-brown organ in people and animals 
that makes bile and aids in the digestion of food. 
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loam (lm): rich soil made up of clay, sand, and decayed plant 
materials in approximately equal parts. 

longitude (lon/ji-tiid): distance east or west of the prime meridian 
at Greenwich, England, measured in degrees. 

luminous (la’mi-nus): bright; shining by its own light. 


mammal (mam/al): an animal that suckles its young. 

mechanical energy: energy possessed by moving bodies or by 
bodies because of their position. 

meridian (mé-rid’i-an): a circle passing through any place on 
the earth’s surface and through the north and south poles. 

metamorphosis (met-a-mér/f6-sis): a change of form. 

meteor (mé/té-or): a small body of material that falls with great 
speed from space into the earth’s atmosphere. 

meteorite (mé/té-or-it): a mass of stone or metal that has reached 
the earth from outer space. 

me teorograph (mé/té-o-r6-graf): an instrument used for record- 
ing the temperature, pressure, and humidity of the air. 

metric (met/rik) system: the system of measurement that is 
based on the meter as the standard unit of length and on the kilo- 
gram as the unit of weight. 

mica (mi’ki): a mineral that splits into thin, partly transparent 
layers. 

molecule (mol’e-kil or m6/le-kil): the smallest particle into 
which a substance can be divided without chemical change. 

molt (mélt): shed the feathers, skin, etc., before a new growth. 

monocotyledonous (mon /’6-kot-i-lé’don-us) plant: a plant that 
has an embryo with one cotyledon. 

moon: a body that revolves around a planet. 

moraine (mo-rin’): a pile of material dropped at the end or the 
sides of a glacier as it melts. 

mucous membrane (mi’kus mem/bran): the lining of the nose, 
throat, and other cavities of the body. 

mucus (mi/kus): a slimy substance that moistens the linings of 
the body. 

mycelium (mi-sé/li-um): the mass of thread-like material forming 
part of a fungus, like bread mold. 


nasal (ni/zal) passage: one of the openings leading from the 
nostrils to the throat. 

nebula, plural nebulae (neb/i-li, neb/a-lé): an irregular-shaped 
glowing mass of gas or of other galaxies of stars than our own. 

node (néd): a place on the stem where a leaf or bud grows; a 
joint in a stem. 

non-con ductor (non-kon-duk/tor): a material that conducts heat 
or electricity very slowly or not at all. 

nutritive ratio (nii/tri-tiv ra’shid or ra’sh6): the proportion be- 
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tween the digestible proteins and combined carbohydrates and 
fats together in a food or diet. 

nymph (nimf): a young insect that has the general form of, yet 
is different from, the adult, as, a grasshopper in its wingless stage. 


objective (ob-jek/tiv): a large lens that forms the picture of what 
is to be seen in a telescope. 

orbit (6r’bit): the path of the earth, or any planet, about the 
sun; the path of any heavenly body about another heavenly body. 

organic (6r-gan/ik): of the bodily organs; affecting the structure 
of an organ, as organic disease. 

organic material: a material that was once part of a living thing. 

organism (é6r’gan-izm): an individual plant or animal. 

Ovary (6’va-ri): 1. the organ of a female in which eggs are pro- 
duced. 2. the part of a plant enclosing the young seeds. 

oviduct (6/vi-dukt): the canal through which an egg passes from 
the ovary of an animal. 

Oviparous (6-vip’a-rus): egg-laying. 

ovule (6/vil): the part of a plant that develops into a seed. 


pancreas (pan/’kré-as or pang/kré-as): a gland near the stomach 
that helps digestion. 

pancreatic (pan-kré-at/ik or pang-kré-at’ik) juice: the fluid that 
the pancreas secretes. 

pasteurization (pas/tér-i-zi’shon): killing germs in milk by heat- 
ing it to 144° F. for 30 minutes. 

pelvis (pel’vis): the basin-shaped bony structure between the hips. 

pepsin (pep/sin): a substance in the gastric juice of the stomach 
that digests meats, eggs, cheese, and similar foods. 

perennial (pe-ren/i-al): a plant living more than two years. 

phar ynx (far’ingks): the cavity at the back of the mouth where 
the passages to the nose, lungs, and stomach begin. 

phase (faz): the apparent shape of the moon or of a planet at a 
given time. The new moon, first quarter, full moon, and last 
quarter are four phases of the moon. 

pistil (pis’til): the seed-bearing part of a flower. 

planet (plan’et): a heavenly body that moves around the sun. 

plane tesimal (plan-e-tes’i-mal): one of the small bodies believed 
to have come from the sun and united with other similar bodies 
to form the planets and moons of our solar system. 

plane toid (plan’e-toid): a small planet that revolves around the sun. 

plastic (plas’tik): putty-like; easily molded or shaped. 

Pleurococcus (plé-rd-kok’us): a one-celled green plant that grows 
as a green stain on the north side of trees and in damp places. 

pneumatic (nii-mat/ik): worked by air-pressure. 

pollen (pol’en) tube: the tube that grows out of the pollen grain 
down the style to the ovary in a flower. 
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pollination (pol-i-na’shon): carrying pollen grains from the sta- 
men to the pistil. 

potential (pd-ten’shal) energy: stored-up energy possessed by 
materials because of their chemical composition, their position, 
or their condition. 

predaceous (pré-da/’shus) insect: an insect used to fight other 
insects that damage crops. 

priming (prim/ing): preparing by putting something in or on. A 
pump is primed by pouring water into it to remove the air so that 
the pump will work. 

prism (prizm): a triangular piece of glass used to spread out a 
ray of light into a band of rainbow colors. 

property (prop/ér-ti): a characteristic of an organism or a sub- 
stance that helps to tell what it is. 

pupa, plural pupae (pi’p&, pu’pé): a stage in the life of an in- 
sect when it is in a case. It comes between the larva and the 
winged adult stage. 

pus: whitish or yellowish, watery material that collects in sores. 


quartz (kwarts): a clear, glass-like, and hard mineral composed of 
the elements silicon and oxygen. Sand is mostly quartz. 


radiant (ra/di-ant) energy: energy in the form of visible or in- 
visible rays from some heated source. 

radiant heat: invisible radiant energy of a kind that changes to 
heat when it strikes something and is absorbed. 

radiate (ra/di-at): give out rays of light, radiant heat, ete. 

radiation (ra-di-a’shon): giving out light, radiant heat, ete. 

radioactive (ra/di-d-ak/tiv): used to describe an element like 
radium that gives out heat energy all the time as it changes into 
other substances. 

ration (ra’shon or rash/’on): a fixed allowance of food. 

receptacle (ré-sep’ta-kl): the enlarged tip of a stem that holds 
the parts of a flower. 

reflect (ré-flekt’): throw back (light, heat, sound, etc.). 

refracting (ré-frakt/’ing): bending (a ray of light, etc.) from a 
straight course. 

refrigeration (ré-frij-e-ra’shon): act or process of cooling or 
keeping cool. 

regeneration (ré-jen-e-ra’shon): growing again; bringing or com- 
ing into new existence. 

reproduction (ré-pro-duk’shon): the process by which new living 
things are created. 

respiration (res-pi-ra’shon): 1. the chemical change in cells in 
which oxygen is used to secure energy from foods and carbon 
dioxide is thrown off. 2. the taking of oxygen into the body and 
giving out of carbon dioxide. 
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respiratory (ré-spir’a-t6-ri or res/pi-ra-td-ri) system: the breath- 
ing system. 

rhizome (ri’zdm): an underground stem. 

rotor (rd’tor): the rotating or turning part of a machine. 

rough age (ruf-aj): the coarser parts or kinds of food. 


Saliva (sa-li’vii): the liquid produced by glands in the mouth 
that helps dissolve food. 

Salivary (sal/i-va-ri) gland: a group of cells that produce saliva. 

satellite (sat/e-lit): a moon, or any body that revolves around a 
planet. 

Saturate (sat/i-rat): soak thoroughly; fill full. 

Saturated (sat/i-rat-ed) air: air containing all the water vapor 
that it can hold. 

secrete (sé-krét’): make; prepare; produce. 

sediment (sed/i-ment): material carried by liquid and which 
gradually settles to the bottom. 

sedimentary (sed-i-men/td-ri) rock: rock layer formed from sedi- 
ment in water. 

self-pollina tion (self-pol-i-na’shon): carrying pollen from a sta- 
men to the stigma of the same flower. 

Se pal (sé’pal): one of the leaf-like divisions of the calyx, or outer 
covering of a flower. 

shale (shal): sedimentary rock made of hardened clay, etc., that 
splits readily into thin layers. 

Sinus (si’nus): one of the small pockets in the bones of the head. 

skeletal (skel’e-tal): having to do with the skeleton. 

Slate: a bluish-gray rock that splits easily into thin smooth layers. 

solar (s6/liir) system: the sun and all the planets that revolve 
around. it. 

Spec tro graph (spek/tro-graf): an instrument for taking a picture 
of the band of colors formed when a ray of light from any source 
is broken up. 

Spectro scope (spek/trd-skép): an instrument for obtaining and 
examining the band of colors formed when a ray of light from 
any source is broken up. 

Spectrum (spek’trum): the band of colors formed when a ray of 
light is broken up by being passed through a prism or by some 
other means. 

sperm (spérm): one of the male germ cells of plants and animals. 

spinal (spi/nal) cord: a cord of nerve tissue inside the backbone. 

spirillum, plural spirilla (spi-ril7um, spi-ril7#): a spiral-shaped 
bacterium. 

spontaneous generation (jen-e-ri’shon): the theory that living 
things are produced from non-living matter. 

Spore (spor): a single cell, usually with a heavy covering, that 
can grow into a new plant. 
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stalactite (sta-lak/tit or stal’ak-tit): a formation of lime ma- 
terial, shaped like an icicle, hanging from the roof of a cave. 

stalag mite (sta-lag’/mit or stal’ag-mit): a formation of lime ma- 
terial, shaped like a cone, built up on the floor of a cave. 

stamen (sta’men): the part of a flower that bears the anther con- 
taining the pollen. 

sterilization (ster “il-i-zi’shon): killing germs on objects by heat- 
ing them in boiling water, live steam, or dipping them in chemicals. 

sterilize (ster/il-iz): make free from living germs. 

stigma (stig’mi): the sticky tip of the pistil of a plant. It re- 
ceives the pollen. 

stolon (st6/lon): a runner from a plant that lies along the ground 
and develops ‘new plants from its nodes. 

strata (stra/’ti): layers of earth or rock. 

stratified (strat/i-fid) rock: rock arranged in layers. 

stratosphere (stra/t6-sfér): thin air about 7 miles and more above 
the earth. 

stratus (stra’tus): a layer-like cloud of low altitude. 

streptococcus (strep-td-kok/us): ball-shaped bacteria. Often they 
stay attached in the form of a chain. 

striae (stri’é), singular stria (stri7a): scratches and grooves left 
on the surfaces of rocks over which glaciers have passed. 

style: the stem-like part of the pistil between stigma and ovary. 

sub soil (sub/soil): the layer of lighter-colored earth that lies just 
under the surface soil. 

sun time: time in which noon is the moment when the sun is 
directly overhead. 

system: a set of organs in the body, all helping in one kind of 
work, as the circulatory system. 


tendon (ten’don): a tough strong band or cord that joins a muscle 
to a bone. 

ther mograph (thér’mo-graf): an instrument that makes a record 
of the temperature for a day, a week, or longer. 

thorax (tho’raks): the cavity of the chest. 

toxin (tok’sin): poison produced in animals or plants by germs. 

toxin-an titoxin (tok/sin-an-ti-tok’sin): a mixture of toxin and 
antitoxin that gives the body active immunity. While the toxin 
is causing the blood to make germ-fighting chemicals, the anti- 
toxin prevents the toxin from harming the body. | 

trachea (tra’ké-i): the ‘“‘windpipe,” the passage that conducts 
air from the throat to and from the lungs. 

transform (trans-form’): change in condition, as from potential 
to kinetic energy. 

trichina (tri-ki/ni): a small worm that sometimes lives in the 
muscles of men, hogs, and other animals, causing disease. 

trichinosis (trik/i-nd/sis): a disease caused by the trichina. 
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tuberculin (ti-bér’ki-lin) test: a test to find whether an animal 
has tuberculosis. 

tuberculosis (ti-bér-ki-ld/sis): a disease affecting various tissues 
of the body, but most often the lungs. 


urea (li/ré-& or -ré/d): nitrogen wastes from the body in the 
form of a white chemical compound found in urine. 

ureter (i-ré/tér): a tube through which urine goes from the kid- 
ney to the bladder. 

urethra (i-ré/thri): the tube from the bladder through which 
urine is discharged from the body. 

urinary bladder (i/ri-na-ri blad7ér): the soft, thin bag-like or- 
gan which receives urine from the kidneys. 

urine (i/rin): the fluid containing waste matter taken from the 
blood by the kidneys, which goes to the bladder and is then 
discharged from the body. ; 


vaccine (vak/sin or vak/’sén): a substance injected -under the 
skin to produce a mild form of a disease, used for the protection 
of people against the real disease. 

vacuum (vak/i-um): empty place from which everything, includ- 
ing air, has been removed. 

vein: one of the blood vessels or tubes that carries blood to the 
heart from all parts of the body. 

vertebra, plural verte brae (vér/té-bri, vér’té-bré): one of the 
bones of the backbone. 

vertebrate (vér/té-brat): having a backbone; an animal with a 
backbone. 

veterinarian (vet/e-ri-nd/ri-an): animal doctor. 

villus, plural villi (vil’us, vil/i): one of the thousands of tiny 
finger-like projections in the small intestine of the body that help 
to absorb food. 

virus (vi/rus): a liquid or other material that will cause an infec- 
tious disease if put into the blood. Usually virus means a ma- 
terial in which no germs can be found, yet which will cause a 
disease like smallpox, measles, ete. 

Viviparous (vi-vip/’a-rus): bringing forth young alive rather than 
by the laying of eggs. 

volcanic (vol-kan/’ik) ash: dry ash-like material formed when the 
air cools bits of melted rock that burst out of an erupting volcano. 

von Guericke, Otto (fén ga/ri-ke, ot76): a German physicist 
(1602-1686). 


weathering: the process of softening and breaking up rocks as a 
result of the chemical action of air and water on them. 

work: moving something by pushing or pulling it. The amount of 
work done depends on how hard one pushes or pulls and on how 
far the object is moved. 


INDEX 


When you use this index, remember that: (1) all numbers 
refer to pages; (2) a star after a number (39*) means that 
there is a picture on that page; (3) the index does not, as a 
rule, include references to entire problems or units. For such 
references turn to the table of contents. 


Abdomen, 363 

Adhesion, 236-239*, 497 

Active immunity, 423-424, 425 

Adolescence, 481 

Adult, 478, 483*, 484*-485* 

African sleeping sickness, 412 

Air, as part of earth, 8*-9, 103, 105; 
resistance of, 75*, 76, 80, 237; 
pressure, 100*-108, 110-117*; 
acted on by gravity, 105-108; 
weight of, 107*-108; molecules 
of, 111-112; soil carried by, 159- 
162*; as heat conductor, 264- 
265; convection currents in, 212- 
213, 216-217, 266-267; saturated, 
318*; in soil, 497 

Air-conditioning, 260*, 302-304 

Airplane, 117* 

Air-pressure, causes of, 100*-103; 
measurement of, 103*-104*; 
causes of differences in, 104*- 
105; force exerted by, 105-108; 
uses of, 110-117*; regions of low, 
828, 331*-332, 333*, 345-346; 
regions of high, 332*, $33*, 345 

Air sac, 390*, 391-393 

Air vents, 292* 

Alimentary canal, 379-381, 380* 

Altimeter, 104 

Amoeba, 442, 443* 

Andromeda, Great Nebula of, 38*; 
the constellation, 41*, 43* 

Anemometer, 340* 

Aneroid barometer, 103-104* 

Animals, reproduction of, 442-444, 
459-463; growth of, 475*-481; 
vertebrate, 479; oviparous, 479*; 
viviparous, 479; length of life of, 
481; development by metamor- 
phosis, 482*-486; protection of, 
525*-528*; principles of feeding, 
532-533; housing of, 539-544* 


Annual rings, 471* 

Annuals, 473-474 

Anther, 453*-454, 455*, 458* 

Antibodies, 424, 526 

Antiseptic, 431-432 

Antitoxins, 421, 424-426 

Anus, 379, 380* 

Aorta, 375*, 376* 

Apple scab, 523* 

Archimedes’ Principle, 193, 195- 
LD 2035 207 

Arcturus, 41, 43, 44* 

Aristotle, 69*, 351 

Arteries, 372, 375*, 376*, 377 

Artesian wells, 94* 

Artificial respiration, 392*, 393* 

Asbestos, 263*, 264* 

Asiatic cholera, 426 

Astrology, 4-5 

Astronomers, early, 4*, 5; work of, 
17, 56-65 

‘‘Athlete’s foot,’ 412 

Atmosphere, explained, 8*-9 

Atmospheric pressure. See Air- 
pressure. 

Auriga, 41*, 43* 

Australian ladybird beetle 520* 

Axis, of earth, 31, 45, 47*-48, 53 


Bacilli, 409* 

Backbone, 355* 

Bacteria, kinds of, 408-410, 409*; 
in intestines, 386; where found, 
410*-411; reproduction of, 415, 
444; on roots of legumes, 507; 
plant diseases caused by, 522; 
action of in hotbed, 537 

Bacteriologist, 408* 

Balances, 81*-82, 83* 

Ball-and-socket joint, 358* 

Ballast, 209, 210* 
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Balloons, 189*, 191*-192, 206-209, 
207*, 208*, 210* 

Barograph, 339*, 340 

Barometer, 103*-104* 

Bathysphere, 90* 

Battery, energy changes in, 254* 

Bed rock, 130*, 162, 175 

Begonia, 449, 451 

Biceps, 361* 

Biennials, 474 

Bile, 381, 383-384 

Birds, as insect destroyers, 518-520 

Black Death, 427 

Blackleg, 525 

Blood, circulation of, 351*, 371- 
377; as carrier of food and oxy- 
gen, 368-370, 369*, 384-385; 
vessels, 372*; corpuscles, 373*- 
374*; exchange of carbon diox- 
ide for oxygen in, 392-393: re- 
moval of wastes from, 397*-398* 

Blood count, 420 

Boiling temperature, 281 

Boll weevil, 516, 517* 

Bootes, 41*, 43, 44* 

Botanist, 457 

Brain, 363*, 364 

Bread mold, 444-446*, 445* 

Breastbone, 356* 

Brine, 297*, 301* 

Bronchial tubes, 390, 391* 

Brown-rot, 524* 

Bryophyllum, 451 

Bubonic plague, 426 

Buds, 448, 450*, 469*-470* 

Bud-scale scar, 469* 

Bulb, light, 254*; of plant, 448 


Calcium carbonate, 146, 156, 168 

Calorie, 274* 

Cambium, 471* 

Camelopardalis, 42*, 43* 

Cankerworms, 518 

Capillaries, nature of, 369*-370; 
of circulatory system, 372*, 375, 
376*; of digestive system, 384*, 
385*, 398*; of respiratory sys- 
tem, 389*, 390*, 392 

Capillary action, movement of soil 
water by, 498-500 

Carbohydrates, absorption of by 
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blood, 381, 385; in cattle feed, 
530, 531-532 

Carbon dioxide, in water, 146, 152, 
156; use by plants, 226, 247; as 
waste product from body, 366*- 
367*; 36977376") 389: 392, 394 

Carrier of disease, 428 

Cartilage, 355*, 359, 480* 

Cassiopeia, 42*, 43* 

Cavities, in teeth, 387 

Cattle, tuberculosis in, 526*-527*: 
ticks, 527; feeding dairy, 530*- 
532*; housing, 539-540* 

Cells, of human body, 365*, oxida- 
tion in, 366*-367*; distribution 
of food to, 368-370, 369*; work 
of different sets of, 370; blood, 
373*-374*; parts of, 442; root, 
467-468* 

Centrifugal force, 115*, 234*-235 

Centrifugal pump, 114*-116 

Cepheus, 41*, 42*, 44* 

Cetus, 43* 

Chemical change, a factor in 
weathering, 135-137; caused by 
heat, 226; energy released by, 
246*-247, 259*, 254*; within 
cells of body, 366*-367; in diges- 
tion, 381-384; in hotbed, 537 

Chemicals, germ-fighting, 421-427: 
needed by plants, 505-506, 509- 
511*; for controlling insects and 
plant disease, 517-518*, 523, 524 

Chickens, development of, 475- 
478, 477*; body temperature of, 
541; housing of, 541*-543, 542* 

Childhood, 480 

Chitin, 484 

Cholera, hog, 525*-526 

Cilia, 394, 418-419 

Circulatory system, parts of, 364, 
372; function of, 370; how blood 
travels, 374-377, 375*, 376* 

Cirrus clouds, 322*-323 

Clay, 131, 132*, 133, 134, 135, 498 

Clinic, health, 405* 

Clouds, formation of, 322; cirrus, 
322*-323; stratus, 323*; cumu- 
lus, 323-324*, 334*, 335 

Cocci, 409* 

Cocoon, 485* 

Cohesion, force of, 238, 239 
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Cold-frames, 536, 537-538 
Cold-storage plant, 297, 301-302 
Colony, of plants, 410*, 443* 
Comets, 21*-22* 

Compressor, 299, 300*, 301*, 302 

Condenser, 300* 

Conduction, of heat, 262*-265, 266 

Conglomerate, 167-168, 169 

Connective tissue, 361-362 

Constellations, 41*-44*, 42*, 43* 

Continents, 181-182 

Convection currents, 212-213* 
216*-218, 217*, 266*-267 

Corn smut, 522*. 

Corona, 41* 

Corpuscles, red, 373*-374; white, 
373*, 374, 420; white, as protec- 
tion against diseases, 419-421 

Corvus, 44* 

Cottonwood trees, flowers of, 457 

Cottony-cushion scale, 520* 

Cotyledons, function of, 456*-457; 
of bean, 456*, 467*; of corn, 
456*, 467*; number of, 457 

Cowpox, 423, 424 

Crater, a constellation, 44* 

Craters, on moon, 26*, 27* 

Crop rotation, explained, 507*-508, 
513*, 517, 524 

Cross-pollination, 458* 

Crown rust of oats, 523 

Cultivation of soil, 492*, 500*, 502; 
in weed fighting, 513-514; in 
fighting insects, 517 

Cultivator, 500*, 512* 

Culture, bacteria, 410*, 411, 428 

Cumulus clouds, 323-324*, 334*, 335 

Curculios, 519 

Cuttings, reproduction by, 448%, 
449-450, 451 

Cutworm, 519, 521* 


Dairy barns, 539-540* 

Dairy cows, feeding of, 530*-532*; 
diseases of, 526*-527*, 528 

Dams, 88*, 95*, 245* 

Days and nights, 46-48, 47* 

Deltas, 156* 

Density, of materials, 85-86*, 87*; 
and Archimedes’ Principle, 193- 
197*; measured by hydrometer, 
201*-202 
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Dentine, of teeth, 387* 

Dew, 321* 

Dew point, 319, 321 

Diagnosis, of diseases, 417* 

Diaphragm, 363* 

Diastrophism, 181*-185 

Dick Test, 426 

Dicotyledonous plants, 457 

Diet, of animals, 529*-533! 

Diffusion, 368-370, 369* 

Digestive juices, 380-381, 
383*-384 

Digestive system, organs of, 363*; 
function of, 370; structure of, 
379-381, 380*; dissolving food 
in, 381-384; care of, 386-388 

Dikes, river, 155*; lava, 1'76* 

Diphtheria, germs of, 415*, 416; 
immunity against, 421; anti- 
toxin for, 424-425; Schick Test 
for, 425; death rate from, 426*; 
spread of germs of, 427, 429; 
incubation period of, 428 

Dirigibles, 206-207*, 208 

Diseases, useless treatments for, 
403*, 404; modern treatments 
for, 404-406, 405*; progress in 
knowledge of, 406-407*, 433- 
434; organic, 407; caused by 
plant germs, 408*-412*, 409*, 
410*; caused by animal germs, 
412-414*, 413*; symptoms of, 
416-417*, 422; protection of body 
against, 418-419*, 421-423; and 
white corpuscles, 419-421, 420*; 
Immunity to, 421-423, 424-425*, 
427; methods of helping our 
bodies fight, 423-426*, 425%; 
infectious, 427-428; prevention 
of spread of, 427-432*, 433*-435, 
434*; incubation period of, 428; 
methods of spreading, 429-431*; 
of plants and animals, 525-528 

Dislocation, 359 

Displacement, 200*, 201 

Diver, 203*-204 

Draco, 41*, 42*, 43, 44* 

Drain pipes, in soil, 503* 

Dry farming, 502-503 

Ducts, 288*, 289* 

Dust storms, 159-160* 

Dysentery, 412, 415-416 
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Earth, composition of, 6-9, 7*, 8*; 
core of, 7, 8*; as a sphere, 9-14, 
10*, 11*) 12*, 18*: how lighted, 
12*-13, 17; as a planet, 17; orbit 
of, 18*; facts about, 20; relation 
to moon, 27-29, 28*; tides on, 30- 
31*, 32*; Planetesimal Hypothe- 
sis of formation of, 33-36, 35*; 
effects of rotation of, 45-48, 46*; 
effect of inclination of axis of, 
45-48, 47*, 52*-55*, 53*; move- 
ments of, 45-48, 46*, 49-50; 
length of days and nights upon, 
46-48, 47*; as a clock, 49*-50; 
seasons on, 52*-55*, 53*; gravity 
on, 78*-80, 79*, 120*, 121 

Earthquake, 183*-184 

Earth’s surface, constant changes 
on, 127*-129*, 128*: action of 
weathering upon, 135-141, 137%, 
138*, 139*, 140*; action of mov- 
ing water upon, 143-158; action 
of moving air upon, 159,162*; 
action of glaciers upon, 162-167*; 
built up by voleanoes, 1727-1985 
built up by diastrophism, 179%, 
180-185* 

Eclipse, of moon, 13*, 29*; of sun, 
29-30* 

Eggs, of turtle, 439*, 462*: of 
plants, 454, 455; of shiners, 460- 
461; of trout, 461*; of birds, 461- 
462; fertilized, 455*, 456, 460- 
461, 462, 463; growth of chickens 
from, 475-478, 477*; growth of 
Starfish from, 476*; growth of 
trout from, 479*; growth of frogs 
from, 482*-484, 483*; growth of 
insects from, 484*-486, 485* 

Electric energy, 241-242 

Elements, as seen in a spectrum, 
64-65; radioactive, 173; needed 
by plants, 505-506 

Embryo, plant, 456; bean, 456*; 
corn, 456*; chicken, 477*; time 
required for development of, 
478; frog, 482 

Embryo sac, 455*, 458* 

Enamel, of teeth, 387* 

Energy, muscular, 221*, 228, Q31*- 
for work of the world, 221*, 231- 
232, 240-241*; radiant, 224*, 
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226, 247-248*; meaning of, 225- 
227, 229-230; heat, 226, 241, 
250, 252*, 254*; electric, 241- 
242; mechanical, Q42*_Q45*; 
kinetic, 242*-243, Q51*, Rit 
254*; potential, 243*-245*, 252; 
chemical, 246*-247, 250, 251, 
259") 254%: light, 24'7-248*, 250, 
252*, 254*; transformation of, 
249-254*, Q51*, 952%. Laweeoe 
Conservation of, 253-254; in 
living cells, 366 

English system, of weights, 85 

Entomologist, 515 

Epidemics, 427 

Epiglottis, 391 

Equator, angle of sun’s rays at, 14* 

Erosion, by water, 127, 143-152*, 
144*, 145*, 148%, 149*, 150%, 
151*; by solution, 151-152*, 156- 
157*; by moving air, 159-162*, 
160*, 161*; by glaciers, 162-167, 
16S 2 1 G4 165*, 166*; rocks 
formed from products of, 167- 
170, 169*; results of, 170-171 

Esophagus, 380* 

European ground beetle, 520-521 

Evaporation, cooling effect of, 272*, 
278-281; relation of to humidity, - 
281-282*; in mechanical refriger- 
ation, 298, 299-301*; of water 
into air, 317-320, 318*, 321776 
322*; of water from soil, 502-503 

Evaporator, 299*, 300* 

Expansion tank, 291* 


Falling bodies, speed of, 69*, 74-76 

Farm buildings, 535*, 539-544* 

Fats, as a class of food, 381; ab- 
sorption of by blood, 385*: as 
needed by farm animals, 529, 
530, 531, 532, 533 

Faults, in earth, 182-183, 184% 

Feldspar, 175 

Fern, 446, 447* 

Fertilization, explained, 454-455*; 
by fish, 460-461, 462; by birds, 
461, 462; by mammals, 462-463 

Fertilizers, 508-509, 510* 

Filaments, flower, 453*, 454, 455* 

Fire box, 288*, 290*, 291*, 299* 

Fireplaces, 286*-287* 
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Fission, 442-444, 443* 

Flood plains, 153-155, 154* 

Flower, function of, 452; parts of, 
452-455*, 453*, 454*; perfect, 
457, 458; imperfect, 457*, 458; 
buds, 469, 470* 

Fluids, explained, 196; circulation 
Creel eeeomel oe. 216" 1217" 

Fog, 322 

Food, energy from, 366*-367; di- 
gestion of, 381-384, 382*; ab- 
sorption of by blood, 384*-385*; 
in spores, 444; in roots, 449; 
in stems, 450; in seeds, 456-457, 
466, 467; manufacture by plants, 
471; selection of for animals, 
529*-533, 530*, 532*; chemical 
composition of animal, 531-533 

Force, centrifugal, 115*, 234*-235; 
meaning of, 227-228; to move 
objects at rest, 233; to stop 
motion, 234-235*; to overcome 
friction, 236*-237; to overcome 
gravity, 237; of cohesion, 238, 
239; of adhesion, 238-239*; mus- 
cular, 244*; elastic, 244* 

Fossils, 169, 170* 

Friction, explained, 236*-237 

Frog, development of, 482*-483* 

Frost, 321* 

Frost pocket, 497* 

Fulcrum, 82 

Fumigation, 430 

Fungi, 522-524, 523* 

Furnaces, hot-air, 287-289*; hot- 
water, 290*-291*; steam, 291-293 


Galaxy, shape of our, 38-40, 39* 

Galileo, 56, 69*, 74 

Gall bladder, 380*, 381 

Gastric glands, 382*, 383 

Gastric juice, 383 

Geologists, 129 

Geranium, 448*, 449-450 

Germination, 466-467* 

Germs, as cause of disease, 407- 
408; plant, 408-412*, 409*, 410*; 
animal, 412-414*, 413*; tuber- 
culosis, 412*, 415, 420; condi- 
tions for growth of, 415; diph- 
theria, 415,* 416; pneumonia, 
415; typhoid, 416; how produce 
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sickness, 415-417; protection by 
body against, 418-423; helping 
body fight, 423-426; preventing 
spread of, 427-435 

Gills, of tadpole, 482*-483* 

Glaciers, erosion by, 162-167*, 
163*, 164*, 165*; how formed, 
163-164*; location of, 166 

Glands, sweat, 280; function of 
digestive, 380; salivary, 380*; 
381-383; pancreatic, 380-38f, 
384; gastric, 382*, 383; intesti- 
nal, 384 

Glottis, 391 

Grand Canyon, 187* 

Granite, 175* 

Grasshopper, 484*-485, 515* 

Gravitation, as cause of tides, 30- 
31% 7Law ot) Universal. 1712", 
78*-80; differences in the force 
Ole 110%. 129" 4190" 

Gravity, explained, 30, '71*-73*, 
78*-80, 79*; and falling bodies, 
73-77, 75*; effect of on moon, 
1257187. 120*: and weights of 
materials, 81-82; measurement 
Of, 08-85, 250s S42) 103721047: 
as cause of water pressure, 88*- 
08% 0178 92*- se ine water- 
supply system, 94-98*, 99*, 113*- 
116; as cause of air-pressure, 
100*-103, 104-108; as force mov- 
ing water, wind, and ice, 143, 
146; effect of on objects in 
water, 193-204, 205*; effect of 
on objects in air, 206-209; effect 
of on circulation of fluids, 211- 
218, 213*, 216*, 217*; resistance 
of to work, 232; overcoming, 237 

Greenhouses, 538* 

Gristle, 355 

Ground water, 146 

Growing point, 467-468* 

Growth, general discussion of, 439- 
442; of cells, 443*-444; from 
plant parts, 447-451*, 448*, 449*, 
450*; of plants from seeds, 466- 
467*; in size of plants, 467*- 
472*, 468*, 469*, 4'70*, 471*; 
of chicken, 475-478, 477%; of 
starfish, 476*; of trout, 479*; of 
vertebrates, 479; of man, 479- 
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481, 480*; of frog, 482*-484, 
483*; of insects, 484*-486, 485* 
Growth rings, 471* 
Gypsy moth, 519*, 521 


Hail, 325* 

Harvey, Will'am, 351* 

Heart, location of, 363*, 364; struc- 
ture of, 374, 375*; action of, 374- 
S/Gascareiol ps 77 

Heart-wood, 470-471* 

Heat, within earth, 7, 173-174; 
from sun, 15*-16, 52-55*; and 
rock weathering, 137-139; and 
circulation of fluids, 211-218; as 
energy, 226, 250, 251, 259%, 
254*, 260, 273-275; radiant, 247, 
268-269; early beliefs about, 
257*, 259-260; prevention of loss 
of, 259*, 263*, 264*, 293-295*, 
294*; transfer of by conduction, 
261*-265, 262*; transfer of by 
convection, 266*-267; transfer of 
by radiation, 268-270; absorp- 
tion of by different materials, 
269*; and change of state from 
solid to liquid and liquid to solid, 
272-278; and change of state 
from liquid to gas, 278-282; and 
change of state from gas to liquid, 
283*-285; use of in warming 
buildings, 286-293; and refriger- 
ation, 298-302; and _air-condi- 
tioning, 303*-304 

Heat energy, 226, 241, 250, 251, 
252*, 254*, 260, 273-275 

Heating systems, hot-air, 287-289*, 
288; hot-water, 290*-291*; steam, 
291-293, 292* 

Helium, 208-209 

Hemoglobin, 373, 374 

Hessian fly, 516-517 

‘Highs’ (regions of high pressure), 
explained, 328; indicated on 
weather maps, 328, 329*, 330*; 
weather conditions in, 330, 331, 
332*; movements of air in, 332*; 
usual paths of, 333* 

Hindenburg, dirigible, 206-208 

Hinge joints, 358* 

Hip girdle, 356 
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Hogs, 493*, 529*; cholera among, 
525*-526; housing of, 543*-544* 

Hookworm, 414 

Hotbeds, 536*-537* 

Humidifier, 303* 

Humidity, explained, 281; measure- 
ment of, 281*; and comfort, 282*; 
in chicken houses, 542* 

Humus, 131-133, 134, 495, 507 

Hurricane, 337* 

Hydra, 43, 44* 

Hydrogen, 189*, 207-208 

Hydrometer, 201*, 202 

Hydrosphere, 8*, 9 

Hypothesis, explained, 33 


Ice, how it cools things, 273-275: 
manufacture of, 297*, 301*-302; 
as hail and snow, 325-326 

Icebergs, 204* 

Igneous rock, 174-176*, 185* 

Image, 58*, 59, 60* 

Immunity, explained, 422; active, 
423-424, 425; passive, 424-425; 
to various diseases, 426; to hog 
cholera, 525*-526 

Imperfect flower, 457*, 458 

Incubation, period of diseases, 428; 
of eggs, 461 

Inertia, of objects at rest, 232*-234*; 
of moving bodies, 233*- 236*, 

Infancy, 480 

Infection, 417 

Infectious disease, 427-429 

Insects, as disease carriers, 430- 
431*, 434*, 435, 527, 528*; met- 
amorphosis of, 484*-486; as 
plant enemies, 515-521 

Insulators, 264, 295; in refrigera- 
tion, 302; in air-conditioning, 
303-304 

Intestine, small, 363*, 380*, 383, 
384-385; large, 363*, 380*, 386 

Iron lung, 353* 

Irrigation, 501-502* 

Isobars, 328, 329*, 330* 

Isotherms, 328, 329*, 330* 


Jenner, Edward, 401*, 423-424 
Joints, 355, 357*-359 
Jupiter, 18, 20, 121 
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Kidneys, function of, 364; location 
of, 363*, 398; system, 370, 397*- 
399; structure of, 398 

Kidney tubule, 398* 

Kilogram, 84* 

Kinetic energy, 
252, 254* 

Knee cap, 358* 

Koch, Robert, 407* 
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Lacteals, 385* 

Lake Como, 128*, 129* 

Lateral bud, 469* 

Latitude, 50* 

Larva, 485*, 486, 515, 516*, 517, 
519*, 520* 

Larynx, 391* 

Lava, 172, 1'76*, 1777-178 

Leaf bud, 469, 470* 

Leaf scar, 469* 

Leeuwenhoek, Anton van, 406 

Legumes, 507-508 

Lenses, of telescopes, 57, 58*, 59* 

Leo, 41*, 43, 44* 

Lice, chicken, 527 

Life cycle, 473, 479-481 

Ligament, 358 

Light, as energy, 247, 248* 

Light year, 37 

Lightning, 335* 

Lime, 156, 510* 

Limestone, 146, 152, 167-168, 169%, 
181, 510* 

Liquids, density of, 86, 87*; pres- 
sure of, 88*-93* 

Lister, Joseph, 407 

Lithosphere, 8*, 9 

Litmus-paper, 510 

Liver, 363*, 380* 

Loam, 134, 498 

Lockjaw, 426 

Locomotive, 241*, 252*-253 

Longitude, 50* 

“Lows”? (regions of low pressure), 
explained, 328; indicated on 
weather maps, 328, 329*, 330%; 
weather conditions in, 330, 331*- 
332: centers of, 331*; move- 
ments of air in, 331*-332, 345; 
usual paths of, 333*; barometer 
action during, 346 

Lungs, 363*, 389, 391, 392 
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Magdeburg hemispheres, 106*-107* 

Maggots, 440 

Malarial fever, 412, 413*, 416, 430 

Mammals, 462, 463 

Marble, 170 

Mars, 18, 19*, 20 

Mechanical energy, 242*-245* 

Mercury, a planet, 17, 19, 20, 120; 
size, 19; gravity on, 120 

Mercury barometer, 100*-104 

Meridian, 50*, 51 

Metamorphosis, explained, 482*- 
486; complete, 485*-486;  in- 
complete, 484*-485 

Meteorite, 22, 23* 

Meteors, 21, 22 

Metric system, of weights, 84-85 

Mica, 175 

Milk, protection of against dis- 
ease germs, 429-430* 

Milky Way, 37%, 39 

Minerals, in soil, 133, 134*-135, 137; 
in solution, 145-147, 156-158*; 
needed by plants, 505-509 

Mississippi River, 142*, 145*, 154, 
155*, 156* 

Mites, 527 

Mold, disease caused by, 
bread, 444-446* 

Molecules, in air, 111; action of 
when heated, 214, 262-263; mak- 
ing up matter, 226; forces of, 
232, 238-239; action in conduc- 
tion, 263; action in convection, 
266; of water in ice, 274; action 
in diffusion, 368-369 + 

Molting, 478, 484 

Monocotyledonous plants, 457 

Moon, eclipse of, 13*, 22*; phases 
of, 24, 25*, 28*, 29; surface of, 
26*, 27*; distance of from earth, 
62*; held in orbit by earth’s 
gravity, 72) 78"si gravity, on, 
78*, 119-120*; size of, 120 

Moraines, 165, 166* 

Mosquitoes, and malarial fever, 
413*, 430-431; methods of de- 
stroying, 434*, 435 

Moss, reproduction of, 446 

Moth, 485 

Mount Palomar Observatory, 60 

Mount Wilson, 37* 60 


412; 
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Mountains, formation Ol, 170". 
185*; folded, 184; block, 184 

Mucous membrane, 379 

Mucus, 379 

Muscles, 360-362, 361*; of heart, 
374-375*; of stomach, 382,* 383 

Muscular system, 360-362, 363 

Mycelium, 445, 523 


Nasal passages, 390 

Natural Bridge, 152* 

Nebula, of Andromeda, 38*; na- 
ture of, 40* 

Neptune, 18, 20, 122* 

Nervous system, 364 

Newton, Isaac, 72*, 78*, 121 

Nights and days, length of, 46-48 

Nitrogen, 394; wastes of body, 397; 
and legumes, 507; importance in 
plant growth, 506*-509 

Node, 450 

Non-conductors, 264-265, 295 

North Star, 38, 41*, 49*, A3*, 44%. 
star trails around, 46* 

Nutritive ratio, 531-532* 

Nymph, 484* 


Objective (lens), 58*, 59, 60* 

Orbit, of planets, 18*; of comets, 22* 

Organic material, 132 

Organism, 406 

Organs, 363* 

Ovary, in plants, 453*-454; in 
birds, 461 

Oviduct, in birds, 461 

Oviparous animals, 479* 

Ovule, 453*-454 

Oxidation, in living cell, 365-367 

Oxygen, mask, 109*; tank, 109*; 
and hemoglobin, 374*;: supply 
in blood, 376*, 377, 389, 390%, 
391*, 392, 393, 394 


Pancreas, 363, 380* 
Pancreatic juice, 384 
Paratyphoid, 426 

Passive immunity, 424-425 
Pasteur, Louis, 407* 
Pasteurization, 430 
Pegasus, 41*, 43* 

Pelvis, 356* 
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Pepsin, 383 

Perennials, 474 

Perfect flower, 457, 458 

Perseus, 41*, 43* 

Perspiration, 280 

Petals, 452-453* 

Pharynx, 380* 

Phases, of moon, 24, 25*, 28* 99 

Phosphorus, importance to plant 
growth, 506*, 509, 511* 

Pile-driver, 243* 

Pilot balloon, 342* 

Pisces, 41*, 43* 

Pistil, 452, 453*-454 

Planetarium, 3* 

Planetesimal Hypothesis, 33-36 

Planetesimals, 34, 35 

Planetoids, 18*, 21 

Planets, 17-20 

Plants, reproduction in, 442-458; 
dicotyledonous, 457: monoco- 
tyledonous, 457; increase in size 
of, 467-472; length of life of, 
473-474; protection of against 
weeds, 512-514; protection of 
against insect pests, 515-521; 
protection of against fungi and 
bacteria, 522-524; non-green, 
522; shelter for, 536*-538*, 537* 

Plateau, 184 

Pleurococcus, 443* 

Pluto, 17, 18*, 20 

Pneumonia, 409, 415 

Pollen, 454*, 455, 457*, 458* 

Pollen tube, 454, 455* 

Pollination, 454-455*, 457;  self-, 
458*; cross-, 458* 

Potassium, 506*, 509 

Potato, sweet, 449; Irish, 450 

Potato scab, 523, 524 

Potential energy, 243*-245*, 259 

Pound, as unit of weight, 84, 85 

Predaceous insects, 520* 

Preventive medicine, 433-435 

Prism, 63 

Proteins, absorption of by blood, 
381, 383, 384; in animal foods, 
531-533 

Protoplasm, 442, 443, 445-446, 461, 
462 


Pumps, in water systems, 97*-99*; 
lifteel 1320114 force, 113*; dou- 
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ble-acting force, 113*; centrifu- 
gal, 114*-116 

Pupa, 485*-486 

Pus, 416 


Quarantine, of man, 427, 428*; 
of plants, 518; of animals, 528 
Ouatiz lot el oac-155, 1387175 


Rabies, 426 - 

Radiant energy, 247-248, 252, 261*, 
268-270, 269*, 287, 537 

Radiant heat, 247, 268-269 

Radiation, 261*, 268-270 

Radiators, 290, 291*, 292* 

Radioactive elements, 173 

Rain, 320, 322, 324-325, 326, 327*, 
Bo ly oo2, 0547-336 

Rain gauge, 341* 

Rash, 417 

Receptacle, of flower, 452-453* 

Redi, Francesco, 440 

Reflecting telescope, 59*-60 

Refracting telescope, 58* 

Refrigeration, methods of, 296- 
302; as disease protection, 430 

Refrigerator, electric,299*-301,300* 

Regeneration, 447-451* 

Registers, air, 288, 289* 

Reproduction, defined, 440-441; 
of one-celled animals, 442-444; 
by fission, 442-444; by spores, 
444-447*; by regeneration, 447- 
451*; by seeds, 452-458*; of 
higher animals, 459-463 

Reproductive system, 364 

Reservoirs, 95, 96-97, 98*, 99* 

Respiration, 393; in chickens, 541 

Respiratory system, location of, 
363*; function of, 370; structure 
of, 389-392; care of, 394*-395 

Rhizome, 449* 

Ringworm, 412 

Rock, bed, 130*, 162, 175; soil 
from, 134-135; weathering of, 
135-141; erosion of, 140*-141, 
142-143, 146-147, 151*-152*; de- 
posited by glaciers, 164-165*, 
175*; sedimentary, 167-170, 
164*, 176*, 181*, 182*; igneous, 
174-176*, 185* 
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Roots, regeneration by, 448, 449; 
growth of, 467*-469; absorption 
of water by, 498; of legumes, 
507-508; attacked by insects, 
517, 519 

Root cap, 467-468* 

Root-hairs, 468* 

Rotor, 116* 

Roughage, 533 


Safety-valve, 292* 

Saliva, 380, 381, 383 

Salivary gland, 380* 

Sand, 131-135 

Sand bars, 154 

Sand dunes, 160-161*, 162*, 170 

Sandstone, 167, 181* 

Sap-wood, 470-471* 

Satellites, 22 

Saturated air, 318*, 319 

Saturn, 18, 19*, 20 

Scales, for weighing, 81*, 82, 83* 

Scar tissue, 420 

Scarlet fever, 409, 421; cause of, 
412; symptoms of, 417; im- 
munity against, 422; Dick Test 
for, 426; treatment, 426 

Schick Test, 425 

Seasons, causes of, 52*-55*, 53* 

Sediment, 144, 153, 168 

Sedimentary rock, 168, 169, 176, 
181-182* 

Seed coat, 455 

Seeds, reproduction by, 452-459; 
formation of, 452-455; parts of, 
455-456; bean, 456*; corn, 456*; 
scattering of, 464*-466; dormant, 
466; germination of, 466-467*; 
treatment of for disease, 524 

Self-pollination, 458* 

Sepals, 452-453* 

Serum, 526 

Shale, 167, 169*, 181 

Shiner, 460-461 

Shoulder girdle, 356* 

Sill, of lava, 176* 

Silo, 534* 

Sink hole, 152 

Sinuses, 417 

Skeleton, human, 355*-356*, 363 

Slate, 170 

Sleet, 325 
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Smallpox, 401*, 423-324 

Snow, 325-326* 

Snow gauge, 341 

Sodium, in spectrum, 64 

Sodium fluoride, 527 

Soil, kinds of, 130-135; carried by 
air, 159-160; cultivation of, 492*, 
495*, 502, 512*-514, 517; water 
in, 495-504; saturated, 498; con- 
trol of moisture in, 501-504; 
draining of, 503*; keeping fer- 
tility of, 504-510; minerals in, 
505-506; commercial fertilizers 
for, 508-509; testing of, 508*- 
509; acidity of, 510 

Solar system, explained, 15; facts 
about, 20; formation of, 33, 35* 

Spallanzani, Lazaro, 406 

Spectrograph, 63* 

Spectroscope, 63, 64 

Spectrum, explained, 63; of sun, 
64*, 65; of Arcturus, 64* 

Sperm cell, in plant, 454; in shiner, 
460; in birds, 461 

Spinal cord, 364 

Spirilla, 409*, 410 

Splints, for broken bones, 359* 

Spontaneous generation, 439 

Spores, reproduction by, 444-446; 
as causes of plant disease, 522, 
523, 524 

Spore cases, 445, 446*, 447* 

Sprain, 358 

Spring scales, 82 

Stalactites, 157* 

Stalagmites, 157* 

Stalk borer, 515-516* 

Stamen, 453*-454 

Standard time, 50-51* 

Star-finder, how to make, 67* 

Starfish, regeneration, in, 448-449; 
development of, 476* 

Stars, early beliefs about, 4-5, 41*; 
explained, 17; sizes, 36; number 
visible, 37*; of Milky Way, 
37*, 39*-40; arrangement of, 
27*, 38*-40*, 39*; nearest, 38; 
as constellations, 41*-44*, 42*, 
43*; of autumn, 43*; of spring, 
43-44*; elements in, 63*-65, 64* 

Star trails, 46* 

Steam, locomotive, 241*; produc- 
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tion of, 241, 281-282, 283-285; 
-heating system, 291-293, 299*: 
pressure of, 292-293 

Stems, growth in length of, 469*; 
of monocotyledonous _ plants, 
470, 472*; of dicotyledonous 
plants, 470-472, 471%; impor- 
tance to plant of, 472 

Sterilization, 430, 431, 432* 

Stethoscope, 405 

Stigma, 453*-454, 455* 

Stolon, 450, 451* 

Stomach, location of, 363*, 380*: 
muscles of, 382*; gastric glands 
in, 382*, 383* 

Stoves, transfer of heat by, 263- 
264, 266*-267, 270, 287 

Strata, rock, 167-170, 169*, 176*, 
181*, 182* 7 

Stratosphere, 191*-192, 209, 411 

Stratus clouds, 323* 

Strawberry, 450, 451* 

Streptococcus, 409* 

Striae, 163* 

Style, 453*-454 

Submarine, 192*, 193, 202*-203 

Subsoil, 132 

Suction, 100*-103 

Sun, early beliefs about, 4-5; as | 
source of heat and light, 11-13, 
15; angle of rays of, 14*; dis- | 
tance of planets from, 15, 17, 
18*, 19, 20; as center of solar 
System, 15*-167) Ly-18". 2 121290" 
relative size of, 16, 36; as a star, 
17; eclipse of, 29-30*; and tides, 
31-32*; and Planetesimal Hy- 
pothesis, 34-35*; gravity on, 121 

Sun-spots, 16* 

Sweat glands, 280 

Symptoms, of disease, 417* 


Tadpole, 482*-483* 

Tapeworm, 413 

Taurus, 43* 

Teeth, care of, 386-387* 

Telescope, early, 1*, 4, 5, 56: 
heavenly bodies through, 16%, 
17, °19* | 264187" 37 * Se tian yee 
Mt. Wilson, 37, 59*, 60; used 
for time data, 49*; how as- 
tronomers use, 57*-61; refract- 


INDEX 
ing, 58*; reflecting, 59*, 60; 
Mt. Palomar, 60 

Temperature, of human body, 280; 
as affected by humidity, 280- 
281; boiling, 281; for incuba- 
tion, 478; of soil, 497*, 503; 
normal for animals, 539, 540%, 
541*, 542*, 543* 

Tendon, 357, 361-362 

Terminal bud, 469* 

Thermograph, 339* 

Thorax, 363 

Thunder-storm, 334*-336 

Ticks, 527 

Tides, 30-31*, 32* 

Time, 49*-51* 

Tornado, 336* 

Toxin, 416, 424, 425, 426* 

Toxin-antitoxin, 425, 426* 

Trachea, 389*, 390, 391* 

Transformation of energy, 249- 
Q54*, 251%, 259* 

Trichina worm, 413-414* 

Trichinosis, 413 

Trunk, of human body, 363* 

Tuberculin test, 526*-527* 

Tuberculosis, germ, 409, 412*, 
415, 420; in cattle, 429-430*, 
5267*-527* 

Tubule, kidney, 398* 

Turbinate bones, 390, 391* 

Turtle, eggs of, 439*, 462* 

Typhoid fever, 409, 416, 426 

Typhoon, 337 


Ultra-violet rays, 247, 541 
Uranus, 18*, 20, 122* 

Urea, 397 

Ureter, 397*, 398 

Urethra, 397*, 398 

Urinary bladder, 397*, 398 
Urinary system, 364, 370, 397*-399 
Urine, 398 

Ursa Major, 41*, 42*, 44* 

Ursa Minor, 41*, 42*, 43*, 44* 


Vaccination, 401*, 423-424, 525*- 
526 

Vaccine, 424 

Vacuum, explained, 100*-103; 
pump, 100*; partial, 112, 271*; 
bottle, 271* 
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Valleys, 148*-150, 

Valves, of pumps, 113*; of heart, 
B10 oOo 

Veins, 372*, 374-375*, 3'76* 

Ventilation, by a fireplace, 287*; 
by hot-air furnace, 289; with 
steam-heating system, 293; in 
air-conditioned buildings, 302- 
304*; in farm buildings, 535, 
539, 540*, 541*, 542*, 543 

Venus, 17, 18*, 20 

Vertebra, 355* 

Vertebrates, 479 

Veterinarian, 525 

Villi, 384*, 385* 

Virgo, 43, 44* 

Virus, 526 

Vitamins, 387, 422* 

Viviparous animals, 479 

Vocal cords, 391 

Volcanoes, active, 172*-173; for- 
mation of, 1'72*, 173-174, 1'76*- 
178; and igneous rock, 174-176, 
175" extinct, \196= lis eand 
earthquakes, 183 


Water, parts of earth, 8*, 9; density 
of, 86, 87*, 213-215; pressure, 
88*-93*; weathering of rocks by, 
135-141; erosion by, 142, 143- 
152*; ground, 146; minerals in, 
146, 147, 152,| 156-157*, 158*; 
deposits of materials carried by, 
153-158*, 159*; weight of ob- 
jects in, 193-197*; why objects 
float in, 198*-204*, 205*; effect 
of heat upon density of, 213- 
215; circulation of, 216-218; 
used by plants, 226, 247; ab- 
sorption of heat by, 269*-270; 
change of state of, 272*, 273%, 
OTAT-275*. 976-278; 297*2298- 
evaporation of, 272*, 278-281*, 
283-285; use of for heating, 
290*-293: boiling of, 281-282: 
action of soil, 496-500*; control 
of soil, 501*-503 

Water fountain, for chickens, 123*, 
542* 

Watering-trough, 540* 

Water jacket, 290*, 291*, 292 

Waterspout, 337 
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Water-supply systems, use of gray- 
ity in, 94-98*; reservoirs for, 
95*-96, 97*, 99%; pumps in, 97*, 
Pio pollens LG ee 

Water table, 498* 

Waves, action of upon rocks, 151* 

Weather, meaning of, 312-313* 

Weather Bureau, activities of, 49*, 
309*, 328-330*, 333*, 338-342*, 
343-344", 345-347*, 348*, 349* 

Weathering, of rocks, 135-141 

Weeds, 512*-514* 

Weight, explained, 81*-82; by 
“stone,” 81-82; measurement ral 
82-85; of objects in water, 193- 
202; of hot and cold water, 213- 
215, 216, 217*-218 

Wells, artesian, 94* 

Wet-and-dry bulb thermometer, 
280-281* 

Wheat rust, 523 

Wheat-straw worms, 517 

Wind, erosion by, 140, 159-162*, 
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170; energy of, 228, 242*-. as 
important part of weather, 313- 
314; explanation of, 314-316; 
and moisture in air, 319-320; in 
*‘lows,”’ 331*-332: 345-346; in 
“highs,” 332*; general direction 
of in’ U. §., $38*: violent storms 
caused by, 336*-337*; measure- 
ment of speed of, 340*, 342* 

Windmill, 97* | 

Windows, storm, 294, 295* 

Windpipe, 389*, 390, 391* 

Wind vane, 340 

Wireworm, 517 

Wood, flotation of, 199*-200 

Work, meaning of, 228-229*: kinds 
of resistance to, 232*-239* 


X-ray, a kind of energy, 247; ma- 
chine, 433* 


Yeast, disease caused by, 411 


» 7 ) : 
NA i" me i 

‘ ih! + La i iy : 
ee ik 


.) 5 a ae 14 
1h 


te 


ae 


ty Has 
4) » aa as 


eon 7 
TW | 
iy 1 he 














EDUCATION LIBRARY 


DRS 7 BST eck@cae 
BEAUCHAMP WILBUR LEE 1891= 
SCIENCE PROBLEMS FOR THE 
JUNIOR HIGH SCHOOL 
40803819 ENUC ST 


EUUIIYUEIITTIN 


00031 





bk.e Cy 1s - 


| “ees she 
EDUCA 
EDU! 


DAY 
BOOK 





